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Page  12. Table 4: row for EDRS should read - 
Station Month Total 
L R  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
EDRS 5 300 239 205 136 91 66 78 91 127 188 227 285 2033 
Page  23. The first paragraph (three lines) on this page has carried over from the vegetation description on 
page 22. 
Page  33. Young land system description, line 8, Figure 9 should read as Figure 8. 
Page  44. p H  (1:5 water) section. Second paragraph, first sentence should read: 
The soils o f  the Esperance land system have moderately acidic to neutral surfaces (pH 5.7 to 7.0), while 
the soils o f  the Scaddan land system are neutral to alkaline (pH 7.1 to 8.8). 
Page  45. Second paragraph, third sentence should read: 
The laboratory values should more closely reflect the actual field values i f  the p H  o f  the extracting 
solution approximates field pH. 
Cover: 
T h e  Bay  o f  Isles - A v i e w  f r o m  the  Esperance  e sca rpmen t  (Six Mile  Hill), over looking 
the  l o w e r  coastal  plains 
a n d  geographical  fea tures  o f  t h e  Esperance  area. T h e  t o w n s h i p  o f  Esperance  can  b e  faintly s e e n  i n  t h e  back- 
g round .  (Photo b y  T i m  Overheu) 
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+El The climate, geology, landforms, The land uses; improved annual 
Summary soils, native vegetation and land pastures (clover and medics), per- 
uses of the Esperance agricultural ennial grasses, cereal crops, lupins, 
district of Western Australia are perennial legume pastures (lucerne, 
described, while the soil landscapes tagasaste) and pine trees for wind- 
of t he  su rvey  area  of abou t  breaks a n d / o r  agroforestry are 
336,000 ha,  covered  b y  the  common or proposed for appropri- 
Esperance and Merivale 1:100,000 ate situations in the Esperance dis- 
topographic map  sheets, are de- trict. Land qualities important for 
scribed in detail. The survey area plant growth, farm management 
represents most of the features and and for soil conservation require- 
problems of the district, especially ments are identified for each of 
those of the Esperance sandplain for seven land uses. Data on rainfall 
which there is particular need for zones and climatic hazards were 
more resource information, added to the resource information 
to more closely align the capability An  appropriate mapping scale ratings with production potential. 
was  chosen from a preliminary 
su rvey  of five fa rms o n  the 
Esperance sandplain. All the map units identified are 
classified for the above uses using The study identifies five major 
a five-class capability classification. land systems which are divided 
into map units on the basis of soils 
and  landforms. Other landscape We believe results of the survey 
features such as swamps, drainage will be of value to landholders and 
lines and salt-affected areas are also agricultural advisers in farm and 
mapped. regional planning. 
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The Esperance land resource for the development of sound land 
survey began in 1985, under the di- use planning. At its inception the Preface rection of Mr G.A. Moore and Mr project received input from the De- 
P.G. Muller who were responsible partment of Agriculture, Western 
for the project until 1987 and 1988 Australia, the Commonwealth Sci- 
respectively when they were trans- entific and Industrial Research Or- 
ferred to other projects. Mr T.D. ganisation (CSIRO), and from the 
Overheu was appointed in 1988 to local farming community. This to- 
complete the project, with assist- gether with a pilot survey over a 
ance from Mr P.G. Muller. Mr S.T. large representative area of the 
Gee provided technical assistance Esperance Sandplain, he lped  to 
for  all aspects  of the  su rvey  clarify the methodology  of the 
throughout its duration. project. 
The project was one of the first The Esperance l and  resource 
in Western Australia to systemati- survey has established a framework 
cally describe and assess land re- and guide for land resource map- 
sources, over a large scale, of the ping and land capability assessment 
Esperance area to provide a basis on the south coast. 
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The Esperance Land Resource ing the sandplain and subsequent 
Survey (ELRS) describes the soils, outbreaks of salinity, widespread In t roduc t ion  landforms and land capability of an waterlogging problems, and the 
area of 336,000 h a  of land on the development of water  repellent 
south coast of Western Australia. surface sands. 
The su rvey  is cen t red  o n  the The information provided by this Esperance sandplain, which, while 
having a fragile e n v i r o n e n t ,  is a survey 
will be an aid to the long 
highly productive wheat and sheep 
tm 
. 
e lm planning of sustainable farm- 
farming area. mg on 
the sandplain. It will be a 
valuable resource for the investiga- 
The objectives are to provide an  tion and amelioration of these land 
inventory of the land resources, to degradation problems. 
assess the capability of this land for The study is divided into two the land uses being practised, and 
to evaluate the benefits, or other- 
parts a land resource inventory and 
a land capability assessment. The wise, of a land resource survey in 
this environment, land systems of the area are identi- fied, with the soil-landform asso- 
The Esperance sandplain was  ciations of each land system form- 
chosen for this study as it is a frag- ing the map units. These map units 
ile environment which has been are the basic unit of classification 
rapidly developed since the 1950s of the landscape which is repre- 
with inappropriate farming prac- sented on the map. Together, the 
tices taken from other areas. This, report and maps provide the inven- 
combined with a lack of concern for tory of the land resources which 
the capabilities of the various soils, serve as a framework for the as- 
caused widespread degradation sessment of the land capability. An 
problems, poor  crop yields and  evaluation of each map unit is given 
poor pasture production. In the as to its ability to sustain a certain 
years since 1980, there has been a land use, using the Department of 
growing concern about the rapid Agriculture, Western Australia, five 
rise of saline water tables underly- class land capability system. 
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agricultral 
district 
and 
s 
Figure 
1. 
Esperan 
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about 1910, the mallee area to the diN Survey area 
north of Esperance was surveyed Physical attributes The Esperance agricultural dis- into farms. Even though  wheat trict lies on the south coast of West- yields were poor, mainly because e m  Australia and is centred around of soil salinity problems, further the town of Esperance, which has a development of the mallee occurred 
population of 8500 (Australian Bu- around Salmon Gums  after the 
reau of Statistics 1990) and is the Great War. However, the depres- largest town in the district. The sion of the 1930s, compounded by other townships of the district are other factors, led to the abandon- Hopetoun and Munglinup to the ment of many of these farms. Thus, west; Gibson, Scaddan, Grass Patch the Salmon Gums soil survey was and Salmon Gums to the north and commissioned and was used as a Condingup to the east (Figure 1), basis for later farm reconstruction The district population is about (Burvill 1988). Cereal and  sheep 
11,000 (Australian Bureau of Statis- production are still the major en- tics 1990), and the total area of the terprises of the mallee area. Esperance district is about 1.9 mil- 
lion hectares. Development of the Esperance 
sandplain, however, did not begin The area that has been mapped until the early 1950s following re- corresponds to the Esperance (3230) search into trace elements and nu- and Merivale (3330) 1:100,000 topo- tritional problems of these soils on graphic map sheets which have an the Esperance Downs Research Sta- 
area of 400,000 ha  (Figure 1). Within tion (Shier et al. 1963), this area, only the agricultural land 
has been mapped  with National Applications of superphosphate 
Parks and State reserves being ex- with copper, zinc and molybdenum 
cluded, giving a total mapped area were required for the successful 
of 335,787 ha. Mapping is expected growth of crops and subterranean 
to continue to cover the district's clover pastures. Rapid development 
remaining agricultural area. of the sandplain then took place 
over the next 20 years. The area 
Land use 
became well known and attracted 
investment  f rom the  American 
The Esperance district was first Chase Syndicate and media person- 
se t t led  i n  t he  1860s w h e n  the  alities such as Art Linkletter. Dur- 
D e m p  s te r  b ro the r s  r en t ed  ing this period, sheep or cattle graz- 
120,000 h a  of land for sheep graz- ing was the main enterprise with 
ing to the west of Esperance. Dis- relatively small areas sown to crops 
covery of gold at Coolgardie and (Table 1). Since the mid 1970s, crop- 
Kalgoorlie in the 1890s led to the ping has increased fivefold because 
rapid development of Esperance as of more intensive crop pasture ro- 
it became a port for supplies to the tations and further clearing of new 
goldfields. The demand for chaff land releases. Cattle numbers have 
and hay for horses en route to and decreased substantially since 1982 
from the goldfields led to the first and sheep are the main animal pro- 
sowing of cereals around the Grass duction enterprise, while crops in- 
Patch area in the late 1890s. With d u d e  wheat, barley, oats and lu- 
the decline in  gold mining from pins. 
T a b l e  1. A g r i c u l t u r a l  s ta t i s t ics  f o r  t h e  E s p e r a n c e  Shire 
C r o p p e d  area L ives tock  no.'s 
Year Developed Wheat Barley Lupins Sheep Cattle 
a r e a  '000 ha '000 ha '000 ha '000 ha '000 '000 
1950 25.8 1.6 19.3 0.4 
1960 120.5 5.5 2.2 115.2 5.9 
1970 589.2 34.7 41.7 - 1471.0 82.1 
1980 699.0 142.1 59.9 0.4 1591.1 80.0 
1984 907.8 160.6 141.3 3.9 1972.8 42.9 
1987 933.6 115.4 55.9 13.1 3272.8 49.8 
1990 1037.0 115.6 83.0 17.6 2564.5 55.0 
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Climate quently, some extrapolation was Average annual rainfall is high- 
necessary in locating the rainfall est on the coast, particularly near The climate of Western Austral- isohyets (Figure 2). Except where Esperance where the average is ia's wheatbelt is strongly influenced otherwise noted, data are from the 670 m m  (Table 2). Rainfall de- b y  the position of a band of high Australian Bureau of Meteorology creases slightly east and west of pressure known as the subtropical (Bureau of Meteorology 1971). Esperance along the coast, but  de- ridge, which circles the hemisphere 
and moves in an eastward direc- creases 
rapidly with distance in- 
tion. The ridge is not a continuous 
Rainfall land. The average annual rainfall 
a t  Scaddan,  50 k m  in land,  is band, but  consists of a number of During summer, the high pres- 414 m m  while at Salmon Gums discrete high pressure cells sepa- sure systems associated with the 100 k m  inland, it is 337 mm. Rain- rated b y  areas of low pressure. subtropical ridge follow one an- fall isohyets for the district are other at intervals of a few days Each year,  this r idge moves  shown on Figure 2. Most of the rain As each hi (Gentilli 1972). gh pres- . north and south in response to the is received in the winter months, roaches from the app movement of the zone of maximum sure 
s y s t e m e v e n  though the winter dominance west, the first winds  are warm solar heating in  the tropics. On north-easterlies which change to 
decreases with distance inland. It 
average, the axis of the subtropical s only 60% of the rainfall at Salmon cool, strong south-easterlies in the i r i dge  is we l l  to  the  s o u t h  of Gums,  c o m p a r e d  w i t h  76% at afternoon. Thunderstorms associ- Esperance during summer. In win- Esperance. ated with these eastward moving ter it reaches its most northern av- 
erage  l a t i t ude  28° 30' n e a r  
troughs often occur. Occasionally, 
tropical cyclones, which have gen- Geraldtort. Temperature, evaporation and erated into rain bearing depres- frost 
The climatic patterns in the agri- sions, may cross the area (Newbey 
cultural areas along the south coast 1983). Dry summers are dominated Summers are mild to warm with 
of Western Australia are dominated by the frequency and size of the average maximum temperatures 
by the influence of the dry subsid- eastwardly moving high pressure being 25°C for Esperance and 30°C 
ing air masses of the subtropical systems. Rainfall during the sum- for Salmon Gums (Table 3 and 
ridge. This gives the Esperance area mer  months  generally does not  Table 4). While summer maximum 
a Med i t e r r anean  t y p e  cl imate exceed 25 m m  for each of the  temperatures can be extreme, they 
(Koppen classification Cs a, b) with months from November to Febru- only occur in  rare heat waves. July 
a concentration of rainfall in the ary. Summer rainfall, however, can is generally the coldest month with 
winter season (Gentilli 1972). The be significant and of particular ben- mean daily temperatures of 13°C at 
warm to hot summers are nearly efit to perennial pastures. Esperance a n d  11°C at Salmon 
or completely dry, the winters cool, Gums. These temperatures are suf- During winter, the high and there is high solar radiation in  p re s su re f i c i en t  to produce moderate pasture s tems m o v e  fu r the r  north summer. The coastal fringe experi- 
systems 
1972). and  crop 
growth. A u t u m n  and 
ences a milder climate than the in- 
Low pressure sys- spring temperatures are quite fa- 
land areas as a result of the mar 
tems (or mid-latitude depressions) i- vourable for plant  growth, pro- travel eastward, just south of the time influence, and strong winds vided sufficient moisture is avail- continent, bringing rain. Winter 
are a notable feature. able. rainfall is reasonably reliable with 
Accurate climatic data for the rainfall in  excess of 55 m m  for each There are only three class A pan 
district are limited because of the of the months from May to Octo- evaporimeters in  the district and 
small number of recording stations ber. Rainfall per wet day is usually these have been in operation for 
and the relatively short time that low, w i t h  few falls exceeding fewer than ten years. All stations 
they have been operational. Conse- 10 mm. show similar evaporation patterns 
T a b l e  2. A v e r a g e  m o n t h l y  a n d  a n n u a l  r a i n f a l l  ( m m )  f i g u r e s  f o r  s e l ec t ed  s t a t i o n s  i n  t h e  E s p e r a n c e  district 
Station Month 
L R  Jan. Feb. M a r .  A p r .  M a y  J u n e  Ju ly  A u g .  Sept.  Oct.  N o v .  Dec. 
Total 
S a l m o n  Gums 57 21 24 22 25 33 41 36 33 32 28 26 19 340 
R a i n  d a y s  (no.) 4 4 5 7 9 11 12 11 9 8 6 4 90 
Scaddan 77 17 20 24 32 48 52 50 49 41 36 26 19 414 
R a i n  d a y s  (no.) 6 8 8 10 13 14 16 16 14 13 11 7 136 
EDRS 35 21 27 21 37 52 61 62 63 53 42 32 20 492 
R a i n  d a y s  (no.) 5 6 6 10 12 14 15 15 13 11 8 6 121 
Esperance 100 17 22 27 46 82 99 105 94 69 55 32 22 670 
R a i n  d a y s  (no.) 5 5 7 10 15 15 17 16 13 12 7 6 128 
L R  = L e n g t h  o f  record. 
EDRS = E s p e r a n c e  D o w n s  Resea rch  Station. 
(Bureau  o f  Me teo ro logy ,  1988) 
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T a b l e  3. M e a n  d a i l y  m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e  (°C) f o r  s e l e c t e d  s t a t i o n s  i n  t h e  E s p e r a n c e  district 
Station 
L R  Jan. Feb. M a r .  Apr. 
S a l m o n  Gums 
(max)  5 7  30.9 30.1 27.4 23.4 
(min)  5 7  14.3 14.8 12.9 10.6 
Scaddan 
(max)  11 27.9 27.0 25.9 23.2 
(min)  11 14.2 14.8 13.2 11.4 
EDRS 
(max)  35 28.8 28.8 26.3 23.1 
(min)  35 14.1 14.8 13.4 11.6 
Esperance 
(max)  17 26.4 26.4 25.1 23.0 
(min)  17 15.6 16.1 14.9 13.0 
May 
Month 
June July Aug. Sept. Oct. Nov. Dec. 
19.4 16.6 16.2 17.3 19.9 23.4 26.2 29.4 
7.5 5.9 5.0 5.0 6.1 8.1 10.9 12.9 
19.2 16.5 15.9 16.9 19.0 21.2 24.2 26.9 
9.0 7.3 6.5 6.8 7.2 8.5 11.1 12.9 
19.4 16.7 15.9 16.6 18.7 21.6 24.3 27.0 
9.0 7.2 6.3 6.6 7.4 8.7 11.0 12.7 
20.3 17.9 17.2 17.8 19.1 21.1 23.0 24.9 
10.7 8.9 8.2 8.6 9.3 10.6 12.8 14.4 
L R  = L e n g t h  o f  record. 
EDRS = Espe rance  D o w n s  Resea rch  Station. 
(Bureau  o f  Meteoro logy ,  1988) 
with high summer and low winter Summer winds are generally north- evaporation rates (Table 4). The easterly during the morning, chang- 
inland areas of the district have a ing to south-easterlies as the sea significantly higher evaporation in  breeze develops along the coast in 
summer, but  the winter evapora- the afternoon. Very strong winds are tion rates are only slightly higher often associated with summer thun- than those of the coastal areas. derstorms and can be devastating. In 
Frosts occur mainly in  the inland winter, winds are mainly from be- 
areas and decrease in  frequency to- tween the north and west. Cold 
wards the coast. At Salmon Gums fronts, which precede the eastward- 
there are frosts in all winter months, moving low pressure systems, can 
with at least 23 frosts recorded each cause gale force winds which may 
year. Near the sea, the average fre_ last for u p  to 12 hours. 
quency is only two to three per Other data on relative humidity, year. sunshine, drought and floods are 
Wind given in  The Bureau of Meteorolo- gy's (a) Climatic averages for Aus- 
The district regularly experiences tralia (1988) and (b) Climate Sur- 
windy conditions, which sometimes vey, Esperance-Region 5, Western 
reach gale force intensities (Figure 3). Australia (1971). 
T a b l e  4. A v e r a g e  m o n t h l y  a n d  a n n u a l  e v a p o r a t i o n  ( m m )  f o r  t h e  E s p e r a n c e  d i s t r i c t  ( L u k e  e t  al. 1987) 
Station Month 
L R  Jan. Feb. M a r .  A p r .  M a y  J u n e  J u l y  A u g .  Sept.  Oct .  N o v .  Dec. 
Total 
Esperance 10 266 211 193 133 93 64 79 90 114 151 191 254 1840 
EDRS 5300 239 205 136 91 66 78 91 127 188 227 285 2033 
S a l m o n  Gums 7 337 260 221 156 103 73 89 97 127 187 241 297 2189 
Munglinup 8 290 224 199 139 94 66 82 90 116 159 209 264 1932 
L R  = L e n g t h  o f  record. 
EDRS = Espe rance  D o w n s  Resea rch  Station. 
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WIND ROSES FOR ESPERMCE 
NORTH 
NOffTH 
I 
JO,  9am. JO, 3p.m. 
Winds are from directions shown 
Percentage frequency 
0 10 20 
I 1 I 
WIndspeed (knots) 
I-10 11-21 Over 21 
Figure 3. Wind rose diagrams for the Esperance area. 
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Growing season 
The growing season is deter- 
mined as that part of the year when 
rainfall is greater than the effective 
rainfall (Prescott 1951) as cited in 
Bureau of Meteorology 1971. 
P = 0.54 
where: P = effective rainfall 
E = evaporation 
Length of growing season de- 
creases wi th  distance from the 
coast, from 7.0 months at Esperance 
to 4.4 months at Salmon Gums. 
False breaks to the start of the 
g rowing  season are  frequent. 
Esperance Downs Research Station 
records show that in over 32 years, 
the average percentage of false 
breaks to the start of the growing 
season is 26%. Reliability of the 
growing season also diminishes 
with increased distance inland. In 
the northern mallee area, it is pos- 
sible for the growing season to fail 
completely, though this has never 
ex tended  b e y o n d  one  season. 
Graphs of rainfall and  effective 
rainfall show the length of the 
growing season and the amount 
of moisture available to plants 
(Figure 4). 
Salmon 
Gums 
tr.) to 0 
(11-11A) liejurei Aiquo 
0 
0 
0) 
‘G' 
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.11111111111IM Physiography gated in a general east-west direc- 
tion with lunettes on the leeward P h y s i o g r a p h y  a n d  geology The district is a level to undulat- side of the lake. 
ing plain which, in the western part, 
has been dissected by many well- The w e s t e r n  p a r t  of  the 
incised drainage lines. The plain is sandplain and mallee are dissected 
a prominent feature of the south by several rivers flowing south, 
coastal districts of Western Aus- which end in inlets or lakes on the 
tralia and extends from just east of coastal plain. The rivers flow only 
Mt  Barker to Cape Arid, apart from in winter, leaving pools of brackish 
the intrusion of the Ravensthorpe water in the summer. The valleys 
Range, and forms part  of the Great have moderate to steep slopes and 
P la teau  of Wes te rn  Aust ra l ia  are incised u p  to 60 m below the 
(Clarke and Phillipps 1953). level of the plain. There is an ab- 
sence of well defined watercourses Dowak is the highest part of the in the centeal and eastern mallee Esperance plain with an elevation and the salt lakes act as drainage of 290 m. From here the elevation sumps. The eastern part of the plain of the plain decreases gradually to lacks well defined drainage lines, the south until it reaches a low es- apart  from several short coastal carpment near the coast, at an el- streams east of Esperance which evation of 40 to 60 m. The escarp- only extend 10 to 15 k m  inland. 
ment falls onto a narrow coastal 
plain which is, in places, only 10 m Geology above sea level (Clarke and 
Phillipps 1953). Significant sand There have been few geological 
dunes, some with extensive blow- investigations in the Esperance dis- 
outs, cover large areas of the coastal trict. What is known about the ge- 
plain. ology and geomorphic history has 
been a result of the Bureau of Min- From the edge of the escarpment eral Resources (in this publication to about 50 k m  inland lies what is referred to as BMR) regional recon- re fe r red  to  as t he  Esperance naissance (1:250,000) and private sandplain. This area comprises the 
southern half of the district. The mining company investigations. Much of this information is acces- northern part of the plain comprises sible on the open file at the West- the mallee area, which is quite dif- e r n  Aus t ra l i an  D e p a r t m e n t  of ferent in character to the sandplain. Mines. Access, however,  to the This study encompassed both the 
more recent investigations of pri- sandplain and mallee areas. vate mining companies is limited. 
Granitic domes, lakes, swamps The geological h i s to ry  for the 
and the dissected drainage lines are Esperance district spans mainly the 
characteristic of the sandplain. The Precambrian and Cainozoic peri- 
grani t ic  domes  are smooth ly  ods, with most recent geological 
rounded masses of bed rock which development occurring during the 
protrude to varying heights above Pleistocene and Holocene epochs, 
the land surface. Mount Le Grand with marine transgression and sedi- 
is the highest (within the survey ment deposition, forming the land 
area), reaching an altitude of 345 m. surface as seen today. 
Other granitic domes are scattered The entire Esperance district is irregularly about the plain to the 
north-east and east of Esperance. 
underlain b y  a belt of Proterozoic 
granitic and metamorphic rock of 
Many rounded depressions and the Albany-Fraser province. This 
swamps are scattered across the bedrock also forms the islands of 
sandplain. They are of various sizes the Recherché Archipelago. In the 
and fill with water during the win- western par t  of the district, the 
ter, but  are usually dry during sum- bedrock comprises metamorphosed 
mer (Beard 1973a). These depres- gneissic migmatite which, before 
sions and swamps, often with rem- metamorphism, was intruded by 
nant vegetation around their perim- basic dykes and sills. Granite has 
eter, generally have saline water. intruded the eastern part  of the 
Further inland, within the mallee, district ,  p r o d u c i n g  a zone  of 
these depressions form distinct salt migmatite between the granite and 
lakes scattered across the landscape, gneissic-migmatite (Morgan and 
which, in places, occur in dense Peers 1973). This zone has a gen- 
clusters. These salt lakes are elon- eral north to north-east trend which 
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characterises the Proterozoic rocks Pleistocene and Recent deposits Before the late Eocene period, an 
of this area. The Precambrian his- consist of: ancient land surface of low relief  
tory for the Esperance area is sum- wi th  deeply weathered rock ex- 
coastal as follows: 
1. Sand dunes  o n  the  coast; 
sand deposits consist- isted. Most of the higher features 
1. Deposition of sedimentary ing of white, calcareous, fine 
of this land surface had  their height 
rocks and intrusion of basic to med ium grained quartz 
reduced by wave action during the 
igneous rocks. sand ,  w h i c h  fo rm s teep  
Eocene t ransgression.  Pallinup 
w a l l e d  parabo l ic  s h a p e d  siltstone filled the low areas and the 
2. Regional metamorphism of dunes on coastal hills. They 
retreating sea left an almost level 
these rocks. The age of this all belong to the Holocene 
land surface. Dissection to produce 
metamorphism is unknown. period. The oldest dunes are an 
elevated plain occurred in stages 
It has been suggested to be s l ight ly  s u b d u e d ,  h a v i n g  
during the Pleistocene with a low- 
middle Proterozoic. been eroded. It can often be ering 
of the sea level. This resulted 
seen where older sand dunes in  rejuvenation 
of the drainage 
3. Intrusion of granite and, pos- have been buried by more re- 
lines, causing widespread stripping 
sibly towards the end of this cent dunes (W.M. McArthur, 
igneous phase, intrusion of personal  
communica t ion ;  
of the upper formations along the 
river valleys. Gorges and  inlets 
dolerite dykes. This igneous Bare fore-dunes of contempo- were 
formed along the coast and 
activity has been tentatively rary, marine worked,  fine 
alluvial floodplains were dissected 
assigned to the younger part  grained, quartz sand occupy 
(Morgan a n d  Peers 1973). Large 
of the middle Proterozoic. the shoreline. In some areas, areas 
of the sea floor were bared 
extensive  b lowou t s  a n d  a n d  loose mate r ia l  w a s  blown 
4. Folding into a broad south- remobilisation of vegetated 
against the old coastline to form 
west-plunging anticlinorium coastal  s a n d  d u n e s  h a v e  
large sand dunes (Newbey 1986). 
(Morgan et al. 1967). t aken  place (Morgan a n d  A r e t u r n  t o  p r e s e n t  sea 
Peers 1973). levels h a l t e d  r e juvena t ion  and 
The grani t ic  b e d r o c k  is 2. Coastal plain and sandplain; 
flooded the estuaries. Wave action 
unconformably overlain by Tertiary the associated sand may be a 
began to cut into the coastal lime- 
sediments of the Plantagenet Group few centimetres deep, to sand stone 
dunes. The last significant 
which were deposited in horizon- 
sheets several metres thick events occurred dur ing  an  arid 
ta l  beds  u n d e r  t he  Eocene sea 
with longitudinal dunes also period of the last Ice Age. Sands 
(Gentilli and Fairbridge, n.d.). The being formed, and has been were 
mobilised and considerable 
considerably re-sorted b y  re-sorting occurred, causing the Plantagenet Group is made u p  of 
sandstones, siltstones, lignite and w i n d  action. O n  the  
sand to be piled into sand sheets 
spongolite which are represented in 
sandpla in  area, sand  a n d  several metres thick and, in places, 
t he  Wer i l lup  fo rma t ion  a n d  lateritic gravel overlies a ye!- as 
sand dunes. 
Pallinup siltstone (Cockbain 1968). low mottled clay which in 
The Plantagenet Group crops out 
most places has developed on Hydrogeology 
siltstone. 
The 
the Pallinup . in discontinuous areas throughout 
top The Quaternary coastal sand and e  s ame  occurs  fo r  the the Esperance area and has been the Plantagenet Group formations coastal plain except with the f o u n d  to  conta in  distinctive absence of the lateritic gravel contain the main aquifers (Morgan foraminiferal fauna  (Backhouse (Morgan and Peers 1973). and Peers 1973). The quality, salin- 1969). The Pallinup siltstone has ity and reliability of groundwater 
been found as far north as Norse- 3. A l l u v i u m  of t he  r iver  supp l ies  va r i e s  significantly 
man (Jutson 1950) and it is thought floodplains and terraces; al- throughout  the  Esperance area. 
the peak of the Eocene transgres- l u v i u m  covers  d issec ted  Although lenses of fresh water are 
sion m u s t  have  reached 275 m floodplains and small river often available near the coast at 
above the present sea level. Burvill terraces. Clayey deposits oc- shallow bore depths of < 6 m, sup- 
(1988) also reports horizontally bed- cur i n  the  lower  par t s  of plies usually occur at depths near 
ded,  mott led whi te  a n d  b r o w n  floodplains, and in lakes and to or < 25 m. Supply rates are usu- 
sandstone occurring on the north- clay pans. ally small, owing to the fine grained 
western edges of salt lakes in the 4. Red soils of the valley sides; character and  silty nature of the 
mallee area near Salmon Gums. formed mainly from weath- water bearing horizons. 
ered bedrock after the cessa- Considerable weathering of the t ion  of a per iod of active 
A census of the quality and avail- 
Plantagenet beds and deposition of headwater erosion and river abil i ty of u n d e r g r o u n d  water 
younger aeolian sediments has re- re juvenat ion ,  w h i c h  w a s  
within the Esperance area has been  
sulted in  a clay mantle several probably related to a late 
carried out b y  the geological sur- 
met res  thick wh ich  covers t he  Pleistocene to sub-Recent low vey of Western Australia. Also, 
granitoid bedrock. Development of sea level (Morgan and Peers 
work by the Esperance Agricultural 
lateritic gravels i n  the sandy A 1973). Centre of the Department of Agri- 
horizons of the sandplain soils oc- culture has developed an  under- 
curred towards  the e n d  of the Changes in sea level appear to standing of the many factors influ- 
Eocene period (Morgan and Peers have had  the greatest effect upon encing groundwater accumulation 
1973). the development of the landforms. a n d  salinity.  Several  variables 
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relating to the hydrogeology across 
the Esperance sandplain still remain 
unknown and further investigation 
in this area is required. A survey of 
farmers' responses (Australian Bu- 
reau of Statistics 1990) indicated 
that about 1.7% of the Esperance 
area is affected b y  waterlogging 
and associated salinity. It has been 
suggested that this figure is well 
underestimated, with about 5-6% 
being a more realistic value. There 
is ev idence  t h a t  t he  saline 
groundwater table is steadily ris- 
i n g  ove r  la rge  areas  o f  the 
sandplain with the expectation of 
further increases of salt affected 
land in the area. 
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limmilliMMMM The soils of the Esperance area Circle Valley and Beete series; and 
have been the subject of several in- those involving two or more of the O t h e r  soi l  surveys  vestigations (Burvill 1988; Smith 1950; Kumarl, Dowak, Circle Valley and 
Scholz 1984), so there was consider- Beete soils (Burvill 1988). 
able knowledge of the soils before this 
survey (Figure 5). Burvill (1939) 
The soil survey of the Esperance 
D mapped 235,717 ha of the mallee area 
owns Research Station (in this pub- 
between Beete and Scaddan and iden- lication referred to as EDRS) (Smith 
tified 16 soil types in 13 named series 1950) has been the only detailed sur- 
v (Figure 6), with some small areas o f e y  
done on the Esperance sandplain. 
miscellaneous soils. The major soil Smith (1950) identified seven soil 
types in four series (Figure 7). The series can be placed into three groups, 
with two other minor soil groups. 
Fleming and Caitup series consist of 
sandy A horizons of varying depth 
The first consists of soils with overlying a layer of ferruginous 
sandy topsoils that are bleached in gravel which overlies a grey and yet- 
the lower parts. These overlie yellow low mottled 'mellow clay'. The third 
to greenish sandy clay loam to sandy series, Gibson sand, consists of sandy 
clay subsoils which contain many topsoils 30-90 cm in depth without 
carbonate nodules. The Circle Valley, gravel over a similar grey and yel- 
Scaddan and Truslove series are in- low clay subsoil. Another soil appears 
cluded in this group with  the on the map as an 'unnamed sandy 
Scaddan series being noted for its type (50-100 cm sand)', but not on 
columnar structured subsoils. This the legend, and might represent the 
group is also the most extensive, deep sandy soils so common else- 
making up 41.7% of the survey area. where on the sandplain and known 
The next group are soils with pow- locally as the Corinup sand. 
dery, grey calcareous surfaces which Scholz (1984) mapped the soils of 
overlie brownish, very calcareous, the Mt Beaumont area (33,610 ha) soft clay subsoils in which the total 120 km to the east of Salmon Gums. carbonate can exceed 50% in the fine He also mapped the soils of the Cas- earth. This group is represented by cade area (45,000 ha) 100 km to the the Beete, Dundas and Geordie se- west of Salmon Gums. Scholz (1984) ries and is found over 11.7% of the considered that the Mt Beaumont 
survey area, soils, although similar in appearance, 
The soils of the last group have are different to those in the Salmon 
the heaviest surface texture of all the Gums area. The dominant soil types 
soils. They are the red, brown and are Dy1.13; Dy4.13; Dy4.43; and 
grey clay soils that  often show Gn4.52. Scholz (1984) discusses and 
crabhole gilgai microrelief. They have compares the properties of the soils 
clay loam surface textures that grade relative to the Salmon Gums soils. 
into clay subsoils and have less lime The Department of Lands and Sur- 
than the other soils. This group corn- veys carried out many soil classifica- 
prises the Kumarl and Dowak series lions during the 1950s and 1960s for 
and occupies 10.4% of the survey land releases. The surveys were based 
area. The remaining soils (with areas on vegetation patterns (Beard 1973a) indicated in brackets) are made up of or soil types named in the Salmon 
a group of deep sandy soils which Gums (Burvill 1988) and EDRS (Smith 
are yellow, orange or red and are the 1950) surveys. 
Doust, Red Lake and Heart Echo se- 
ries (5.8%); the Salmon Gums sandy 
loam which has characteristics of the Esperance Land Resource Survey, 
first two groups (0.5%) and the Grass 
Moore et al. (1990) mapped  a 
Patch gravelly sand, a sandy soil con- 
Jerdacuttup catclunent area (71,000 
taming lateritic gravel (0.3%). Another ha) 150 km to the west of Esperance. 
5.6% of the area is made up of the 
Moore et al. (1990) determined the 
soils to be similar to the soils on the miscellaneous soils, lakes, swamps 
and claypans etc. Esperance sand plain, and classed the soil units in a similar pattern to the 
In many areas of this survey the Esperance Land Resource Survey soil 
soils occur in an intimate mixture and units, based on depth of sand over 
had to be mapped as complexes, with gravel and soil landscape. Scholz 
sometimes three or four series being (unpub.) also mapped  a small, 
in the complex. A total of 24% of the unreleased area (23,000 ha) around 
survey area had to be mapped this Coujinup, 140 km to the west of 
way and the main complexes are the Salmon Gums. 
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P o l e  g r a y  „own 
o n  white. 
Yellcnvish grey. 
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C l a y  t o  st iff  clay. 
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0 
C l o y  l ea rn  to 
16 s a n d y  c l a y  Loam. 
S a n d y  c l a y  loam. 
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p a l e  brawn 
olive,  brown 
mottled. 
Sandy  c loy now 
t o  s a n d y  cloy 
Beete calcareous sandy loam 
L i g h t  g r e y  to 
greyish brown. 
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ye l low brown. 
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0 
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Grass Patch gravelly sand. 
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l o o m  
. 
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Light brown. 
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L greenish grey. 
Mainly  c a l c a r e o u s  r i g  los 
C a l c a r e o u s  nodules/ 
/ / 
0 
Loamy send. 
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S a n d y  c l a y  loon. 
30 
P o l e  ye l lowish  to 
o l i v e  brown 
o r a n g e  brown. 
Dull g r e y  brown. 
S a n d y  c l a y  l o a m .  P a l e  brown. 
150 
Brownish 
G r e y  brown. 
Dundas calcareous loam 
7 C a l c a r e o u s  , 
Red Lake sand. 
0 
G r a v e l l y  sand. 
10 
S a n d  & grovel. 
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Truslove sand 
100 
Sand. 
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L o a m y  sand. 
150 
Geordie sandy loom 
P o w d e r y  l i n e  sandy 
8 loam t o  to 
S a n d y  cloy. 
150 
S a n d y  c l a y  loom. 
150 
L i g h t  s a n d y  _loan 
p o w d e r y  structure. 
S a n d y  loom. 
150 
Figure 6. The 13 series o f  Salmon G u m s  soils identified in Burvill and Teakle survey (Burvill 1939). 
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Figure 7. The four series of soils identified on the Esperance Downs Research Station by Smith (1950). 
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Vegetation 
The most detailed inventory of 
vegetation in the Esperance area 
was done by Beard (1973a,b), be- 
fore the major period of clearing on 
the sandplain. Beard (1973a,b) iden- 
tified vegetation systems of the 
Esperance area and classified the 
vegetation within these systems 
into structural formations by physi- 
ography, which he subdivided into 
associations based on species com- 
position. The eight structural for- 
mations in the Esperance area, the 
dominant species and where these 
are found (in brackets following the 
common name) are listed below: 
1. Woodlands consisting of 
open, pure stands of trees; 
Eucalyptus oleosa, giant 
mallee, and E. salmonophloia, 
salmon gum (mallee); and 
E. occidentalis, flat-topped 
yate (sandplain). 
2. Low woodland of Melaleuca 
cuticularis, salt water 
paperbark and M. preissiana 
(in swamps on  the 
sandplain). 
3. Low forest of Eucalyptus platy- 
pus, moort; E. spathulata, 
swamp mallet; E. incrassata, 
ridge-fruited mallee (river 
systems); and E. annulata, 
E. transcontinentalis, redwood 
mallee); and E. platypus var. 
heterophylla, coastal moort (in 
depressions on the coastal 
dunes). 
4. Thickets of Casuarina, sheoak; 
Acacia, wattle; and Melaleuca 
spp., myrtle; occur in many 
areas where there are granitic 
outcrops. 
5. Mallee shrubland associa- 
tions; E. eremophila, tall sand 
mallee—E. oleosa, giant 
mallee; E. eremophila, sand 
mallee—E. forrestiana, fuchsia 
mallee; E. redunca, black 
marlock—E. uncinata, hook- 
leaved mallee and E. redunca, 
black marlock—E. forrestiana, 
fuchsia mallee (throughout 
the mallee). 
6. Scrub of  coastal E. angulosa, 
coastal ridge-fruited mallee 
and Acacia cyclops (coastal 
dunes) and Melaleuca spp. (in 
swamps on the coastal plain 
and sandplain). 
7. Scrub heath dominated by 
Banksia speciosa, showy 
banksia, with a diverse heath 
layer (coastal plain and 
sandplain) and Lambertia 
inermis, chittick, with heath 
(sandplain). 
8. Mallee heath of E. tetragona, 
tallerack; E. incrassata, ridge- 
fruited mallee; and Dryandra 
armata, prickly dryandra 
(sandplain). 
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A more comprehensive listing of (b). A given number or letter does 
vegetation identified within the sur- not stand for the same soil type or M e t h o d s  vey area is found in Appendix 7. landform respectively in different 
land systems. The survey comprised two parts; 
an  inventory of the soil and land 
resources of the area, and land ca- 
Survey procedure 
pability assessments. The soil and The land systems of the entire 
land resource survey was under- Esperance advisory area were iden- 
taken using standard soil survey tified and defined as a basis for this 
techniques (Gunn et al. 1988), while survey and for future mapping. 
the land capability appraisal was Geological, vegetation, lands and 
made using the methods outlined survey maps and accompanying 
b y  Wells and King (1989). The main reports were examined to provide 
land uses of the district are evalu- a p r e l i m i n a r y  division of the advi- 
ated for each map unit. The follow- sory district into land systems. 
ing section details the procedures Transects along many of the roads 
used for the land resource survey were then made to describe in more 
and the land capability assessment. detail the soils, lartdforms, and veg- 
etation of the land systems. From 
Land resource survey this work, and extrapolating by 
The land systems approach of aerial photography interpretation 
Christian and Stewart (1953) was between the transects, a preliminary 
used for the initial classification of map of the land systems was pre- 
the landscape into areas with a re- pared at a scale of 1:250,000. The 
curring pattern of soils, landforms land systems were named after a 
and vegetation. The relative flatness t o w n  or  a topographic  feature 
of the landscape within the survey found within the land system, ex- 
area meant that the next subdivi- cept for the Esperance land system. 
sion was based on soil type rather Esperance was used as the name 
than that of the traditional land unit for this land system as it coincides 
concept based on a generic under- with what  is known locally as the 
standing of the landscape. Essen- Esperance sandplain. 
daily, the approach has been to map Originally the objective of the the soils using rather subtle changes 
survey was to map the soils at a in landform as boundary indicators. scale of 1:100,000. Free survey meth- These soil-landscape units have ods were used with widely spaced different productivities and hence transects crossing the patterns ob- land capabilities in this envirort- served on the aerial photographs. ment, and are important for land 
use planning. As this approach is Initial photographic interpreta- 
somewhat different to that defined tion was done on black and white 
by Christian and Stewart (1953), the photographs, taken in  1980, at a 
term map unit is used to refer to scale of 1:86,000. After six months 
these units rather than land units. of field work, it was apparent that 
the resolution of the 1:86,000 pho- As the soils of some of the land 
systems occur on a wide range of 
tographs was not suitable for map- 
landforms, there are a large number 
ping. 
of map units for these systems. To With the availability of clearer 
make sense of this system and to black and white photographs taken 
easily communicate the map units in 1969 at a scale of about 1:40,000, 
to readers, a simple and logical the scale of the mapping was in- 
system of referencing the map units creased to 1:50,000. The intensity of 
has been used, field work was increased to match 
this scale. The area m a p p e d  at The land system is indicated by 1:100,000 (about 80,000 ha), is of the first letter of its name, this is lower reliability and is in less de- followed by a number, which re- tail than the adjoining maps. fers to the soil type. If the soil oc- 
curs in more than one landform, O n  the 1:40,000 photographs, 
then a lower case letter after the soil map unit boundaries were defined, 
number  indicates the landform where possible, based on the ob- 
type;  e.g. E3b refers  to  t he  servable patterns o n  the photo- 
Esperance land system (E), with a graphs and to some degree on land 
deep uniform sand soil (3), on a form. More recent aerial photo- 
gently undulating plain landform graphs, at a scale of 1:50,000, be- 
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came available towards the end of The coded descriptions were put 
the field work in 1989 and these in  a computer-based storage and 
were  used. The final m a p  un i t  retrieval system for soils and re- 
boundaries  were  d r a w n  o n  the lated data—WARTS (Worldwide 
1:40,000 photographs as this was Applicable Resource Inventory Sys- 
considered to be the most accurate tern) Rosenthal et al. (1986). This 
(Dent and Young 1980). information is now stored in an 
a Field work for the 1:50,000 map- 
accessible file o n  the mainframe 
ping was done by a grid survey 
computer  at the Depar tment  of 
method with limited free survey on 
Agriculture, South Perth. 
the landscapes where this method 
was more applicable. The soil was At representative sites, some of 
examined on a 500 m x 500 m grid, the soils were sampled for chemi- 
Full site descriptions however, were cal and physical analyses (Appen- 
only done at every second obser- drx 2). Representative sites were 
vation on every second transect i.e. selected for sampling the native 
a 1 k m  x 1 k m  grid. Full soil de- vegetation. These were mostly in 
scription at every site was not war- reserves because most of the sur- 
ranted because of the simple soil vey area has been cleared. The clas- 
pattern over most of the survey area sification system from McDonald et 
and the need to maintain a satis- al. (1984) is used to classify the veg- 
factory rate of mapping. The soil etation structure. Specimens col- 
profile was classified using the Fac- lected were identified by the West- 
tual Key of Northcote (1979), and e m  Australian Herbarium (Appen- 
the site was described according to dix 7). 
t he  s t a n d a r d  t e rmino logy  of 
McDonald et al. (1984). 
Map production The soil profile was described 
from a small pit dug  at each site The maps for this survey were 
and with the deep clay horizons produced digitally. Line work from 
examined from auger borings. A the aerial photographs were trans- 
total of 1400 site descriptions were f e r re  d on to  semi-transparent 
done over the survey area. Initially orthophotographs of the same scale 
the site data were recorded as codes (1:40,000). Corrections for the aerial 
on field sheets. Later, data were photograph's distortions were done 
entered directly using a NEC laptop manually during this stage. The line 
computer in the field. Other obser- work on the orthophotographs was 
vations were by auger hole exami- then digitised using a computer 
nation only, with brief notes of the aided mappirlig system operating on 
soil being recorded. Microstation software. 
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Land capability is defined by the 
Food and Agriculture Organisation Land capability of the United Nations as the 'abil- 
ity of the land to sustain a specific 
use without undesirable on-site or 
off-site effects' (FAO 1976). The 
land capability classification relies 
upon specification of the land use 
and its limiting factors and a de- 
tailed description of the land. The 
objective of the system is to indi- 
cate the level of hazards for a land 
type under a specified land use. 
The basis for the classification is 
the land resource map, which iden- 
tifies the various types of land and 
lists their properties. Each map unit 
is sufficiently uniform to assume it 
has the same land use potential 
throughout. The map  units with 
soil complexes are assessed on the 
most limiting factor for either of the 
dominant soils present. 
Procedure 
The land capability was classi- 
fied according to the five class sys- 
tem used by the Western Austral- 
i an  Depar tment  of Agriculture 
(Wells and King 1989). The land 
capability class is indicated by 
Roman numerals (I to V). The clas- 
sification method is based on a hi- 
erarchical system of land classes 
where Class I land use has the 
fewest limitations and highest ca- 
pability to Class V land which has 
the lowest capability for the pro- 
posed land use (Table 5a). 
The method of the land classifi- 
cation system is based on the Food 
a n d  Agr icu l tu re  Organisation 
(FAO) approach to land evaluation 
(FAO 1976, 1983). The capability is 
assessed b y  using biophysical fac- 
tors referred to as land qualities 
(FAO 1976), to predict the effect of 
a specific land use upon the land 
and vice versa. The major steps 
used in this classification system 
are: 
1. Selecting the land uses to be 
studied. In  this s tudy  the 
seven  l a n d  uses  selected 
were: cereal cropping, lupins, 
annual legume pastures of 
clover and medics, perennial 
legume pastures of lucerne 
a n d  tagasaste ,  perennial 
grasses and pine trees (Pinus 
radiata) for windbreaks or in 
agroforestry situations. 
2. Selecting the land qualities 
relevant to the study area and 
defining the values of each 
quality from the best to the 
worst condition (Appendix 
4). FAO (1983) lists 25 land 
qualities relevant to rainfed 
(FAO 1983) agriculture; 13 
are relevant to this study 
(Table 5b). 
3. Determining the value of each 
land quality for each of the 
map units. 
4. Defining the range of condi- 
tions for each land quality. 
These conditions are referred 
to as the land use require- 
ments and are expressed in 
'Factor rating tables for land 
uses' (Appendix 6). 
5. The capability rating for the 
land use is determined by 
matching the land quality 
value of the map unit to that 
of the land use requirement 
shown in  the factor rating 
table. The most limiting qual- 
ity or qualities are indicated 
by a lower case letter after the 
land capability rating. 
This was done using a PC based 
land capability assessment compu- 
ter program called LANDPROC* 
(Overheu et al. 1992). 
*Land capabi l i ty  a s s e s s m e n t  p r o g r a m  fo r  a p e r s o n a l  c o m p u t e r  (copyright). 
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Table 5a. Land capability classes 
Capability class Description 
1N1 
Land with very high capability for the proposed use. Either there are no  physical limitations to the 
specified land use o r  the limitations are easily overcome. Risk of land degradation is low. 
Land with a high capability for the proposed use. Some physical limitations do  occur affecting either its 
use or  land degradation risk. These limitations can be  overcome through careful planning or  moderate 
application of conservation measures. 
Land with a fair capability for the proposed use. Physical limitations d o  occur which will significantly 
affect land use or  result in moderate risk of land degradation. Careful planning a n d / o r  extensive 
conservation measures are required. 
Land with a low capability for the proposed use. There is a high degree of physical limitation and  a high 
risk of degradation which can only be  overcome with expensive conservation measures and  development 
costs. Future technology o r  economic circumstances may change this dassification. 
Land with a very poor capability for the proposed activity or  use. The severity of  its physical limitation 
prohibits its use. 
Table 5b. Land qualities 
Land quality Symbol 
(1) Land qualities that are plant requirements 
Rainfall 
Waterlogging 
Moisture availability 
Nutrient availability 
Rooting conditions 
Flooding hazard 
Climatic hazard 
Salinity (existing) 
(2) Land qualities that are management requirements 
Soil workability 
Potential for mechanization 
(3) Land qualities that are conservation requirements 
Soil structural decline hazard 
Water erosion hazard 
Wind erosion hazard 
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Survey results 
1. A distinct boundary exists between the Gore 
land system and the Tooregullup land system. 
Land systems units are presented directly below 
the descriptions and include the 
Five land systems have been slope and relief ranges for the map identified and mapped within the unit and the percentage area of the Esperance land resource survey area land system it occupies. The domi- (Figure 8). These land systems were nant Principal Profile Form (PPF) the initial parcels of  land from for each soil type is listed along which the basic map unit classifica- with a short descriptive title based tions were derived. Each map unit on the soils' properties. The veg- within each land system has been etation is only shown for those map distinguished by differing soil pro- units where it was possible to find file characteristics, 
areas of remnant vegetation still 
The five land systems consist of: remaining. The structural formation 
The Tooregullup land system—a of the community is given along 
series of coastal dune formations; with the dominant species of each 
The Gore land system—a discon- stratum. 
tinuous, level to gently undulating A full description of a repre- coastal plain; The Young land sys- sentative profile of each soil type is 
tern—well developed river valley given in Appendix 1, while a sum- systems; The Esperance land sys- mary of all the plant species re- tem—a gently undulating sandplam corded on each soil type is given in (covering the major part of the stir- Appendix 7. 
vey area); and the Scaddan land 
system—a gently undulating plain Where possible, photographs 
comprising what is locally referred and diagrams are used to illustrate 
to as the 'mallee'. Each of these land the land forms of each. of the land 
systems has a distinctive geology, systems. A brief description of each 
vegetation, topography and climate, land system with associated soil 
types is in the legend to the land They are conceptually equivalent to 
the description of a land system pre- resource map (Appendix 3). The 
viously given by Christian and following land system description 
Stewart (1953). tables show h o w  the soils occur 
over a wide range of land forms The descriptions of the land sys- which give rise to the map units. 
tems are presented in a tabular for- The soil and vegetation type are not 
mat. At the top of the table a brief governed by landform, as the same description of  the geology and soil type and vegetation is found 
landform of the land system is given across the range of landforms. together with the range in elevation 
above sea level. Details of the map 
One soil type may display little 
variation in its profile characteris- 
tics, even though it occurs in dif- 
ferent land systems. This is particu- 
larly so with the deep sands which 
occur in every land system because 
of its aeofian origin. The only dis- 
tinguishing feature is the vegeta- 
tion. Deep sand over the 
Tooregullup, Gore, Young and 
Esperance land systems displays 
dense thickets of Banksia speciosa 
whereas deep sands in the Scaddan 
land system display stands of Eu- 
calyptus tetragona and Melaleuca 
heath species. The difference in 
vegetation is considered to be rela- 
tive to climate, as the differences in 
the soil profile are negligible. 
The boundary between the 
Esperance and Scaddan land sys- 
tems and the eastern third of the 
Esperance and Gore land systems 
is not defined by a change in to- 
pography as for the other land sys- 
tems (Photograph 1), but by  a 
gradual change in the soil types, 
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giving only an approximate bound- conspicuous by the lithified calcrete matter only in the top 20 cm. They 
ary. These areas are referred to as core, more subdued and rounded are calcareous throughout, strongly 
'transition zones' and can be as shape and general east-west linea- alkaline (pH > 8.5) and have small 
wide as 5 km. Soils within the tran- tion (Photograph 2). amounts of shell grit in the profile 
sition zone tend to have an over- (Table 6). Soils on the older dunes 
lapping of the properties of the soils The soils on the parabolic dunes consist of shallow, calcareous sands 
from both of the land systems. At and swales are deep, calcareous to immature podzols overlying the 
times it was difficult to determine sands (Doombup series) with small calcrete core (Tooregullup series). 
to which soil type the profile be- areas of calcareous sandy 'Dams in On the oldest of these dunes, all 
longed. These profiles were there- the swales. The calcareous sands the carbonate has been leached 
fore allocated to a particular soil show minimum profile develop- from the profile and an iron rich B 
type based on which soil type had ment with accumulation of organic horizon is developing. 
the dominant properties displayed 
by that profile. It is possible for a 
profile in the transition zone to have 
properties of a soil from both land 
systems. The diagnostic properties 
used are: (1) depth of sand A hori- 
zons; (2) structure of the clay B 
horizons; (3) colour of the clay B 
horizons; and (4) deep subsoil pH. 
Yet another feature associated 
with these transitional zones is the 
existence of outliers of a land sys- 
tem. This is where an area of soils 
from a land system lies outside that 
land system in an adjoining land 
system. These areas are termed 
outliers and occur for some of the 
Scaddan land system soils in the 
Esperance land system and for 
some of Esperance land system soils 
in the Gore land system. This was 
an infrequent occurrence and only 
exists in a few places within the 
survey area. 
Tooregullup land system 
The Tooregullup land system 
represents the vast coastal dune 
fields laid down throughout the 
Holocene. This dune field has gone 
through many phases of activity as 
evident by the buried profiles ex- 
posed in road cuttings and along 
dune exposures on the coast line T3 
foreshore. There are many natural T2 
and actively eroding blowouts 
present. Older dunes laid down 
during the Pleistocene, with a 
lithified calcrete core, are found 
throughout the dune field. 
The Tooregullup land system is 
the most southerly land system that 
borders the coast and may extend 
some 5-10 km inland (Figure 8). It 
consists mainly of  long-walled, 
parabolic sand dunes and associ- 
ated swales. The parabolic dunes, 
formed by on-shore winds, run 
inland in a south-west to north-east 
direction. The older, remnant 
dunes from the Pleistocene are 3. Rural-residential development on the Tooregullup land system is in the swales only. 
2. The Tooregullup land system and its proximity to the coast. 
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Although the dunefield is exten- The Gore land system is made The soils on the level to gently 
sive, only a relatively small area up of  Pleistocene alluvial and undulating areas are mainly sandy 
(2552 ha) of the Tooregullup land colluvial sediments laid down over surface duplex soils. The depth of 
system is included in the survey the Tertiary sedimentary rocks, the sandy A horizons varies from 
area because of  unsuitability for which rarely outcrop on this land 30-80 cm. Two duplex soils are 
agriculture. These areas were origi- system (Photograph 6). Longitudi- present; the first has a weakly struc- 
nally cleared to graze cattle and nal sand dunes, formed by aeolian tured clay subsoil (Dempster series) 
sheep. As this became uneconomic processes in the Pleistocene, occur while the second is characterised by 
because of the poor animal produc- as complex dunefields or individu- its coarse columnar structured 
tion and impractical because of the ally. They contrast to the calcare- subsoils (Baylemup series). The soil 
topography, most of these areas ous  parabolic dunes o f  the reaction trend for these soils is al- 
have been taken up for various Tooregullup land system as they kaline, and both have yellow-brown 
forms of rural-residential develop- are aligned in an east-west direc- B horizons. On the very poorly 
ments and hobby farms, including tion and composed entirely of  drained winter-wet flats, a yellow- 
some limited market gardening if siliceous sands. ish grey to gleyed, saline duplex 
groundwater is available. All these 
land uses are restricted to the 
swales only (Photograph 3). 
All the soils in this land system 
are infertile, being deficient in both 
macro and micronutrients. As the 
G3d 
profiles are freely draining, added 
nutrients are readily leached and 
must be applied annually to main- 
tain adequate nutrient levels. As 
this landscape was formed by wind, 
all soils are highly wind erodible 
should the surface cover be re- 
moved, with the parabolic dunes 
being the most susceptible because 
of their elevation and exposed po- 
sition in the landscape. Once ero- 
sion is initiated on a dune, it be- 
comes practically unreclaimable, as 
is evident by the existing blowouts. 
Small areas within the swales may 
also become waterlogged since the 
surrounding dunes act as recharge 
areas and depressions within the 
swales become discharge areas. 4. An  example of  the naturally saline, winter-wet flats on the Gore land system also shows the parabolic 
dunes of  the Tooregullup land system (background). 
Gore land system 
The Gore land system is a long 
narrow coastal plain situated be- 
tween the Tooregullup and the 
Esperance land systems (Figure 8). 
It is not continuous across the sur- 
vey area, having been buried in 
several places by the parabolic sand 
dunes of the Tooregullup land sys- 
tem. It is a level to very gently 
undulating plain that features ex- 
tensive dunefields and large areas 
of wetlands and lakes where inland 
drainage lines flood out onto the 
plain as their access to the ocean 
has been terminated by the coastal 
dune formations (Photographs 4 
and 5). As a result, there are many 
very poorly drained areas in this 
land system that become very wet 
in winter and are moderately sa- 
line. 5. The Gore land system has extensive areas of  lakes and wetlands. 
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7. Stagnant alluvial plain and saline valley floor are part of  the Young land system. 
Apart from the deep sandy soils, 
the main constraint to agricultural 
land uses is waterlogging. All the 
duplex soils are affected and many 
areas become seasonally inundated. 
All sandy surfaced soils are prone 
to wind erosion if the protective 
surface cover is removed. The lon- 
gitudinal dunes are particularly 
susceptible because of their exposed 
position in the landscape. Only a 
relatively small area of secondary 
salinity was identified in this land- 
scape, so it does not appear to be a 
significant problem, although there 
are larger areas of the naturally 
saline soils on the winter-wet flats. 
Young land system 
The Young land system com- 
prises the deeply incised ( > 3 0  m 
relief) river systems to the west of 
6. On the Gore land system are level plains with duplex soils. The escarpment of the Esperance land Esperance that have dissected the 
system is visible in the background. elevated plain (Esperance and 
Scaddan land systems). It is repre- 
sented by the Dalyup River and 
Coobidge Creek (Figure 9). The 
valley slopes are very gently to 
moderately inclined (2-15%) and 
the relief over the length of the land 
system varies from 30-60 m, with 
small breakaways often present on 
the upper slopes (Table 8). 'Stag- 
nant' alluvial plains (McDonald et 
al. 1990) are only on  the wider 
southern reaches of  the valleys 
(Photograph 7), otherwise the val- 
ley floors consist of broad, saline 
drainage depressions. 
Only remnants of the Tertiary 
sedimentary rocks of siltstones and 
spongolites are found on the ex- 
treme southern areas of the valley 
slopes. Most of these sediments 
have been stripped back to the 
gneissic bedrock, which outcrops 
regularly along the valley slopes 
and also forms the stable stream 
base in the mid to upper reaches 
(Photograph 8). More recent 
sediments deposited on this land 
soil is found (Mullet series). Deep, The Gore land system is mainly system consist of alluvial sands on 
uniform sandy soils or Podzols used for grazing sheep and cattle the valley floors, colluvial material 
Corinup series) occur on both the on annual and perennial grass and on the lower valley slopes and 
sand  d u n e s  and  sand shee t s  subterranean clover based pastures. aeolian sand sheets on the valley 
across the coastal plains. They Cropping, apart from oats as a fod- slopes. 
have neutral soil reaction trends der crop, is largely impractical be- Soils of this land system are and yellow B horizons. A second, cause of the restricted drainage and younger than those of the sur- moderately deep sandy soil with wet conditions over most parts of rounding plains, having developed 
a humic-iron pan at depths of  50- the land system. Because the Gore at some stage in the Pleistocene 80 cm (Yadina series), is found land system is close to the coast, it following cessation of  the active 
mainly in the eastern part of  the has a long growing season (often headwater erosion cycle that 
land system and is notable for its in excess of eight months), and is formed this land system. The soil 
surface hummock  microrelief  the main area for cattle grazing in pattern on the valley slope is quite 
(Table 7). the Esperance district, variable, resulting in a complex of 
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several soil types. The main soil is 
a duplex soil with shallow, sandy 
A horizon that overlies a moderate 
blocky or coarse columnar struc- 
tured, yellow to red clay subsoil 
(Young series). Associated with this 
soil in the complex are yellow, 
duplex soils with weakly structured 
B horizons; shallow, red duplex 
soils associated with rock outcrops; 
small areas of black, poorly struc- 
tured, duplex clay soils which have 
developed over the Tertiary 
sediments, and pockets of yellow 
colluvial sands on the lower slopes. 
The duplex soils on the lower 
slopes also tend to have deeper 
sandy A horizons than those of the 
mid and upper slopes. 
Three other soils found on this 
land system are: deep, sandy soils 
(podzols) deposited in places on the 
western valley slopes, (Corinup 
series) with parent material that is 
of  aeolian origin; deep, brown allu- 
vial sandy soils on the stagnant 
alluvial plains (Dalyup series); and 
a saline, gley duplex soil is found 
in the drainage depressions of the 
valley floors (Coobidge series). 
The Young land system is used 
mainly for sheep and cattle graz- 
ing on annual clover pastures. 
However, cereal cropping is possi- 
ble on the longer, gently inclined 
valley slopes provided that grade 
banks are constructed to control 
surface run-off. On certain parts of 
the valley slopes the topography is 
too rugged to permit either of these 
land uses. 
The main limitation to agricul- 
ture on this land system is water 
erosion on the valley slopes. The 
duplex soils have dispersible clay 
subsoils and gullies rapidly develop 9. The Esperance land system has a gently undulating land surface, shown here with a granitic dome (Mt 
once a rill is initiated. The deep Merivale) in the background. 
sandy soils also wash out easily 
from uncontrolled run-off. This drainage depression, is a potential Esperance land system 
problem is also compounded by the Problem .in this landscape. Several The Esperance land system rep- 
need for surface run-off from the small saline seeps have also broken resents the Esperance sandplain, a 
elevated plains adjoining the val- out on the valley slopes because of flat and featureless plain of very 
ley slopes to find a way down the high points in the underlying bed- low relief, and is the largest land 
slope. In recent wet years (1969, rock. Waterlogging is not a prob- system of the survey area. It lies 
i 1986, 1989, 1992) this run-off has lem n this landscape as the slope just inland from the coast and ex- 
resulted in severe rill and gully on the valley provides the neces- tends another 20 km further to the 
erosion on the valley slopes. sary drainage. Wind erosion is less north and the full width of the sur- 
severe because the wind speed is vey area (Figure 8). It is underlain 
Secondary salinisation of the al- reduced at ground level by the de- by a basement of gneissic and gra- 
luvial plains, especially where there crease in elevation across the river nitic Proterozoic rock which has 
is little difference in relief with the valley, been covered by Tertiary sediments 
Shallow soil material has developed on granitic bedrock on a valley slope of the Young land system. 
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The Esperance land system is the 
most productive land system and 
has been extensively cleared and 
developed for agriculture. The main 
crops g rown  are winter  cereals 
(wheat, barley and oats) with lesser 
areas of lupins, while sheep are 
mainly grazed on annual pastures 
based on subterranean clover. Ce- 
real  / p as tu re  ro ta t ions  v a r y  in 
length from one crop in  one year 
to one in four or five years. How- 
ever, there is a n  increasing trend to 
continuously crop an  area for u p  to 
six years or longer with a range of 
crops before returning the area to 
pasture. Cattle grazing is mainly 
restricted to the higher rainfall ar- 
eas in the southern parts of the land 
system. 
All the soils are susceptible to 
wind erosion because of their fine 
sand surface horizons. The deep 
sands are most prone to this type 10. A minor river valley (Bandy Creek) dissects the Esperance plain to the south of the land system. of erosion, especially o n  the ex- 
posed sand sheets and dunes. Wind 
(Table 9). The bedrock, which is stone gravel layer (<30 cm and 30- erosion has been widespread in  the 
very undulating and defines the 80 cm). The clay subsoil is yellow- past and can be a major problem in 
surface morphology of the land brown to grey, mottled and wealdy dry years. Waterlogging is also an 
system, always outcrops o n  the structured to massive. The second extensive problem on the duplex 
high and low points of the land- duplex soil has a mottled yellow- soils, especially on the level plain 
scape where the overlying Tertiary brown to red clay subsoil with a areas with limited natural drainage. 
s ed imen ta ry  rocks h a v e  b e e n  well developed columnar structure Salinity, although limited in extent 
stripped away. (Boyatup series). The sandy A ho- in the early 1990s, has the potential 
rizons are usually shallow (< 30 to become a serious problem as the The Esperance land system i s c m )  but  can be deeper and contain Esperance land system is underlain mainly a level to gently undulating little if any ironstone gravel. A b y  a s t ead i ly  r i s ing  saline plain (Photograph 9) with the only third duplex soil (Myrup series) has groundwater table on a relatively 
relief provided by several undulat- developed over the shallow Terti- flat landscape. All these problems ing rises to low hills and the occa- ary sedimentary rock on the south- have, to a certain extent, been exac- sional massive granitic dome in the e m  most parts of the land system. erbated b y  over clearing and could 
east and a few incised drainage The solum is usually only moder- have serious implications to the 
lines in the central part  of the land ately deep (50-100 cm) and consists long term viability of agriculture for 
system (Photographs 10 and 11). of shallow sandy A horizons that this area. 
The absence of well defined drain- overlie a grey-brown clay subsoil 
age lines is a feature of this land- with prismatic structure. Exposures 
scape a n d  reflects t he  p o o r l y  of the bedrock and Tertiary sedi- 
drained conditions on the flat plain mentary outcrops are common and 
areas, together  w i t h  n u m e r o u s  many coarse siltstone fragments are 
swamps and winter wet  depres- found on the surface. sions. The other landforms worthy 
of note are a large dunefield in the Two uniform sandy soils are 
eastern part and a gently inclined found. The first, which is most ex- 
low escarpment (Photograph 6) tensive, is found on the sand sheets 
which, in places, defines the south- and dunes and consists of fine sand 
e m  boundary of the land system. throughout the profile and has a distinctive yellow colour B horizon 
Soils are predominantly duplex (Corinup series). The second is a 
with deep uniform sandy soils on deep brown sandy soil (Bandy se- 
the sand sheets and longitudinal ries) found on the stagnant alluvial 
dunes. The main soil type is a gray- plains of the minor river valleys 
elly, yellow, mottled duplex soil within the Esperance land system. 
(Fleming series) that has been di- All soils have a neutral soil reac- 
vided into two phases based on the tion trend and slightly acidic sur- 
depth of sand overlying the iron- face soils. 
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systems. There is a red to orange 
sandy soil of very limited extent 
(Red Lake series) which is often 
found on lunettes on the eastern 
side of salt lakes. Both of these soils 
have a slightly acidic surface with 
neutral soil reaction trend. The salt 
and carbonate have been leached 
from these soils because they are 
freely draining throughout. 
As with the Salmon Gums soil 
survey (Burvill 1988) and Mount 
Beaumont soil survey (Scholz 1984), 
soil complexes of two or more soils 
are found across large areas of this 
land system. The main complex 
involves the Scaddan and Kumarl 
soil series (Photograph 13, in col- 
our section), often with crabhole or 
normal gilgai microrelief. In these 
cases, the Beete soil occurs on the 
gilgai mounds and a non-alkaline, 
dark cracking clay soil is found in 
11. A broad, flat, degraded waterway on the Esperance land system, is without a defined drainage channel, the depressions. The second com- 
plex comprises the Circle Valley 
Scaddan land system The main soil type is a yellow and Beete soils but does not occur 
duplex soil (Scaddan series) that to a great extent in the survey area. The Scaddan land system occu- has a columnar structured clay sub- 
pies the northern-most part of the The Scaddan land system has soil and shallow (< 40 cm) sandy A 
survey area (Figure 8) and is re- horizons. A similar duplex soil, but been extensively cleared and devel- 
ferred to locally as 'the mallee' b e - o p e d  for agriculture, with the main without the columnar subsoil (Cir- 
cause of the dominant form of veg- cle Valley series) also occurs, 
agricultural.. use of the land. system 
etation. The geology is similar to though it is of limited extent. The 
being winter cereal cropping and 
that of the Esperance land system subsoils of these two soils cont • 
rotational .grazing of sheep on .an- 
with Tertiary sediments laid down moderate amounts of nodular and 
nual medic .based pastures. Field 
over a basement of Proterozoic gra- soft carbonate and the soil reaction peas and lupins are grown to a hm- 
nitic rocks. However, this area has trend is alkaline. The other soils are 
i.ted extent. Crop yields and carry- 
ing capacities are lower than for the also received considerable acces- a red, alkaline gradational soil 
sions of  wind-blown carbonate(Kumarl  series) that often has a grow- 
Esperance land system because of 
from further inland during arid (crabhole) gilgai microrelief. This is lower rainfall and 
the shorter 
periods. The landform is a level to the 'heaviest' soil in the survey area, mg season. 
As a result, cropping is 
on a broad scale with greater areas gently undulating plain of low re- having a clay loam surface texture 
lief that lacks defined drainage lines which gradually changes to a light 
being cropped per farm. 
in the northern parts (Table 10). The clay, but has mainly only the soft Only the sandy surfaced duplex 
main river systems of the Young form of carbonate present. A grey, soils and deep sandy soils are sus- 
land system extend into the south- very calcareous gradational soil ceptible to wind erosion when their 
e m  part of this land system. Nu- with a very powdery or fluffy sur- surface cover is removed. The sur- 
merous salt lakes are scattered face soil (Beete series), is often face soil of the two gradational soils 
across the land system and in places found on the mounds of the gilgais, is resistant to this form of erosion. 
they are in dense clusters or but not in large areas by itself. It is Waterlogging on the duplex soils 
swarms (Photograph 12a and b) very calcareous throughout the pro- is of less concern because of the 
and form the internal drainage sys- file, with both forms of carbonate lower rainfall, and is only a prob- 
tems for this land system. present, and has a sandy loam A lem in the above-average rainfall 
horizon which gradually increases years. The gilgai depressions can be The soils, however, are corn- in texture to a light clay B horizon, waterlogged for several weeks fol- 
pletely different from those of the All these soils have high levels of lowing heavy rainfall. The high salt 
Esperance land system and it is this soluble salt in their subsoils, but the levels in these soils can limit crop 
change in soil type and vegetation Kumar' and Beete soils are the and pasture production, but mainly 
that defines the gradual, transi- worst. on the two gradational soils because 
tional boundary between the two the sandy A horizons of the duplex 
land systems. The soils are mainly Two uniform sandy soils are soils are free of salt. This salt is from 
sodic, alkaline and calcareous, of- found, the most extensive being the pedologic origins and is considered 
ten having large amounts of fine deep sandy soil (Corinup series) separate from the induced second- 
carbonate and soluble salts present with the yellow B horizon (Podzol) ary salinity caused by over clear- 
in their subsoils. found on most of the other land ing. 
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12a. The Scaddan land system has clusters of  salt lakes (background). 
12b. This aerial photograph illustrates the density o f  the salt lake clusters. 
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Landform elements common to  Cy: Fla t - topped ya te  swamps  C Winter-wet, waterlogged de- 
most  land systems (3682 ha) (Photograph 15), pressions, (1504 ha) identi- 
identified as shallow depres- fled subjectively as shallow The occurrence of landform ele- sions in the landscape with closed depressions i n  the 
ments such as rock outcrops (Pho- the dominant vegetation be- landscape. The soil types are tograph 9), drainage lines (Photo- ing Eucalyptus occidentalis, similar to those which sur- graphs 7 and 11) and swamps (Pho- yate. The soils are seasonally round the unit. tographs 14 a n d  15) are common inundated o r  waterlogged features to most of the land systems (depending on the residual and have been mapped within each moisture carry over from the land system using the same map- previous season ping symbol. 
These landform elements are: 
s: Salt-affected areas, (1376 ha 
identified visually b y  salt 
scalds; Hordeum leporinum, 
barley grass, halosarcia sp., 
s amphi re  vegetation; and 
poor pasture growth. 
sd: Saline d ra inage  lines; 
(12,764 ha) identified as open 
depressions and ephemeral 
wa te r  courses. They have 
similar features to salt-af- 
fected areas in  that severe 
salt scalds, a crusting surface, 
barley grass, samphire and 
Melaleuca cuticularis, 
paperbark, vegetation may 
be  present. 
Outcrops of granitic bedrock 
(1110 ha). Common vegeta- 
t ion associated wi th  these 
m i n o r  ou tc rops  are: 14. Salt lakes, paperbark swamps and closed drainage depressions are landform elements common in the Calothamnus gracilis, Gore, Young, Esperance and Scaddan land systems. 
bo t t l eb rush ;  Eucalyptus 
tetraptera, four-winged 
m a k e ;  and  various lichens 
a n d  mosses. If any soil is 
present, it is usually very 
young in  its development, 
shallow and  skeletal. 
Cs: Salt lakes, (862 ha) identified 
as well defined shallow de- 
pressions within the land- 
scape, seasonally filled with 
water. Common vegetation 
m a y  include halosarcia sp. 
a n d  Melaleuca cuticularis, 
paperbark. Soils present are 
highly saline, waterlogged 
a n d  i n  some par ts  of the 
northern Esperance area may 
have gypsum inclusions. 
Cp: Paperbark swamps (6089 ha 
(Photograph 14), identified as 
well defined depressions in 
the landscape with the domi- 15. Flat-topped yate (Eucalyptus occidentalis) swamp (Cy). A landform element common to all land n a n t  vege ta t ion  be ing  systems, except the Tooregullup land system. 
Melaleuca cuticularis. The soils 
are highly saline and season- 
ally inundated. 
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_ o w  The interpretation of the soil highest percentage of silt for the 
chemical and physical analyses, is duplex soils (12 to 15%). This is Soil analytical based on one representative soil because of the fine grained, labile interpretation profile for 10 soils of the Esperance siltstones tha t  are found o n  the 
l and  resource survey  area. Al- southern portion of the sandplain, 
though it is acceptable to extrapo- which is the parent material of the 
late measured soil properties from Myrup soil, and  which could have 
one specific site to a larger area of also contributed to the sediment on 
that soil type, it should be realised the coastal plain. The particle size 
that soil properties may vary from analysis for the 60-100 cm depth of 
one area to another. As such, these the sampled Myrup soil, is consid- 
analyses should be taken as a first ered to be unrepresentative, as the 
approximation rather than absolute soil material d i d  not  completely 
values. All analytical results and disperse, a n d  only gave a clay 
brief descriptions on the method of measurement of 8%. It is believed 
each analysis are presented in Ap- that this soil (sampled), may have 
pendix 2. some sub plastic properties, which 
inhibited complete dispersion (I 
Particle Size distribution. Wilson; personal communication). 
The sandy horizons of all the du- The Kumarl and Beete soils show 
plex and uniform soils sampled, ex- a gradual increase in clay content 
cept for the Mullet soil, have parti- with depth, with 20% at the sur- cle sizes that are dominated by the face, increasing to 50 to 62% in the 
fine and coarse sand fractions (88 subsoil. These soils also have the 
to 98%), with very low amounts of highest amount of silt, particularly 
silt and clay (1 to 7%). There is a in the top 50 cm (11 to 24%), but 
difference in the proportion of the the silt decreases to 6 to 8% below 
coarse sand to the fine sand be- this depth. 
tween the soils of the Gore land 
system and the other two land sys- 
tems. The Gore land system soils 1°H (I:5 water) 
have almost equal proportions of The surface p H  (water) of the 
coarse and fine sand, with slightly soils analysed varied from being 
more coarse sand giving a 'coarse strongly acid to strongly alkaline 
sand to fine sand' ratio of 1.15 to (pH 5.3 to 8.8). There is an  accept- 
1.38, while the duplex and uniform able correlation between surface 
soils of the Esperance and Scaddan p H  and land system. The soils of 
land systems have three to eight the Gore land system, with the ex- 
time the amount of fine to coarse ception of the Mullet soil, have 
sand, with the coarse sand to fine strongly acidic surface soils be- 
sand ratio being 0.14 to 0.39. This tween 5.1 and 5.5. The Mullet soil 
suggests that the sand on the Gore is neutral (pH 7.3), which is as- 
land system may have been derived sumed to be because of the high 
from a different source or may have level of neutral soluble salts in the 
been subjected to less aeolian ac- soil. 
tion than the sand further inland. 
The Mullet soil has the heaviest The soils of the Esperance land 
system have moderately acidic to texture of all the duplex soils sam- nentral surfaces (pH 5.7 to 7.0), pled, with 20% clay in  the A l  non- while the soils of the Scaddan land zon and a coarse sand to fine sand 
ratio of 0.63. system are neutral to acidic (pH 7.1 
to 8.8). All of the soils increase in 
There is a sharp increase in the p H  with depth down the profile, 
clay content in the subsoils of all except for the Yadina soil, which 
the duplex soils, with clay percent- becomes more acidic between 10 to 
ages between 32 and 61%. There is 80 cm, with a p H  of 5.0 to 4.8. The 
still a high proportion of fine sand subsoils of the Esperance land sys- 
in most subsoils (30-57%) with the tern soils are slightly acidic to neu- 
coarse sand being in approximately tral, while all the other soils of the 
the same proportion as the overly- Scaddan  l a n d  sys tem,  become 
ing sandy top soil, though in most strongly to very strongly alkaline 
cases the amount of coarse sand (8.9 to 9.5), thus  suggesting high 
does increase slightly in the clay levels of exchangeable sodium and 
subsoils. The Myrup soil has the other possible nutritional disorders. 
highest clay content of 61% in  the The Beete and Kumarl soils, in par- subsoil, and together with the 80 to ticular, have the highest p H  in the 
140 cm depth of the Dempster, the upper 30 cm of the profile. 
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Only four soils had the p H  meas- For the other  four  soils, the ured in  calcium chloride and of method used to measure the CEC 
The clay activity ratio, is the ra- 
these, the Demptser and Yadina tio of the CEC to one gram of clay and exchangeable cations for each soils had  very low surface p H  val- and is used as a indication of the layer was determined by soil pH ues of 4.7 to 4.4, while the Yadina clay mineralogy in the absence of and was varied within in  a soil soil is more acidic below the sur- other methods. A clay activity ratio profile when the p H  of the succes- face with a p H  of 4.2 to 4.3 to a of <0.2 indicates kaolinite; 0.3 to 0.5 sive layers increased. The method depth of 80 cm. The other two soils, indicates illite; and >0.8 indicates used is denoted by a suffix after the Mullet and Myrup soils, had  a smecti te  a n d  montmorillonite the CEC value in the tables of data surface p H  between 7.1 and 5.7. Of (Baker, 1991). The subsoil of the 
the other soils that were only meas- 
in Appendix 2. Fleming soil has a clay activity ra- 
ured in water, the Corinup soil with All the sandy surfaced soils are tio of 0.15, suggesting a dominance 
a surface p H  (water) of 5.7, may characterised by low to very low of the kaolinite clay mineral. The 
come close to the critical p H  for CEC's throughout all the sandy subsoils of the Dempster, Mullet, 
some plant species for a surface p H  horizons. The importance of organic Boyatup,  Scaddan,  Beete and 
done in calcium chloride, if this p H  matter in the top 10-15 cm of these Kumarl soils have clay activity ra- 
is u p  to one unit  lower. It would be soils is evident from the higher CEC tios in the order of 0.28 to 0.51 indi- 
expected that the surface p H  of the in the topsoil than for the underly- cating illite is the main clay min- 
Corinup soil on the Gore land sys- ing horizons. The CEC of this layer eral of these soils. The Myrup soil 
tern would be at  least as low as the varied from 3.5 to 8.7 cmol(+)/ kg and the lower subsoil depth of the 
Dempster and Yadina soils. The clay, although this upper value may Dempster soil have clay activity 
Corinup soil, although found over have been overestimated because of ratios of 0.69 and 0.62 respectively. 
several land systems, was only sam- the above mentioned reasons. The If it was assumed that the 60 to 
pled on the Esperance land system, CEC in the bleached A2 horizons 100 cm depth of the Myrup soil had 
on the Esperance Downs Research of the duplex soils and in the suc- a clay content similar to the subsoil 
Station. cessive horizons of the two, uni- layer above it, then it would be 
form deep sandy soils (Corinup and possible for the clay activity ratio 
Cation Exchange Capacity and Yadina) fall to values between 0.6 to be about 0.85. This ratios would 
Clay Act ivi ty  Ratio to 3.7 cmol(+)/ kg clay. Therefore suggest 
the presence of smectite 
plant available cations would be clay minera l s  such  as 
The Cation Exchange Capacity read i ly  leached t h r o u g h  these  montmorillonite. 
(CEC) of a soil indicates its poten- sandy soil horizons as the low 
tial to store and hold nutrient cati- CEC's of these horizons would limit Exchangeable Cations 
ons for plant growth and is com- the amount of cations the soil can The level of cations vary greatly monly used as a measure of the hold at a time. be tween soils, mak ing  absolute 
general fertility of a soil. amounts  a relatively unreliable The CEC of the 0 to 10 cm depth 
Some care needs to be taken of the Myrup soil is unusually high, 
guide as to availability. However, 
when interpreting CEC data as the with a value of 28. It is believed, as a 
general rule, soils have ad- 
most suitable method for measur- that this is because of the very high equate 
levels of the following cati- 
ing CEC of the particular soils was amount  of organic matter (5.3% oils, 
w h e n  Ca a n d  M g  are >2 
no t  always used. Shields (1991) organic carbon) that is present in cmol(+) / k g  clay a n d  K is >0.25 
states that "the values obtained for this sample (I. Wilson; personal cmol(+)/ kg clay. Sodium is rarely 
the CEC vary depending on the p H  communication). It is not known 
in such low amounts that causes de- 
of the solution used to extract the whether this level of organic mat- ficiencies of this element in Austral- 
cations. The labora tory  va lues  ter is typical for this soil type, or 
ian soils. 
should more closely reflect the ac- whether this is an unusually high Exchangeable calcium is the 
tual field values if the p H  of the amount. The CEC of the bleached dominant cation in the topsoil of all 
exchange solution approximates A2 horizon for this soil type de- soils and, except for the Mullet soil, 
p H  (1:5 CaC12) field pH". In the early soil analy- creases to 3.7 cmol(+) / k g  clay, 
ses, the CEC and cations of all soils which is the highest CEC of all the The surface soil p H  when meas- (Fleming, Cor inup ,  Boyatup,  bleached A2 horizons. This is pos- ured in calcium chloride is consid- Scaddan, Beete and Kumarl) were sibly because of the higher percent- ered to be the most reliable method measured by extraction with 1M ages of silt and clay in  this soil. for determining soil acidity. When NH4C1 at p H  7.0. Therefore it is the p H  of the surface soil falls be- The CEC increases in the clay likely that the CEC of those soils low the critical p H  level of a plant, with acidic surface soils (Fleming subsoilsf of the duplex p soils , to val- there is a probability of reduced ues o 5.3 to 20 cmol(+)/ kg clay, a n d  Corinup) may  b e  overesti- plant  production because of soil with the exception of the Myrup mated,  as some extra negative acidity. The critical range of most and Dempster soils, which have sig- charge may have been induced on crops and pasture plants used over nificantly higher CEC's of 28 to 52 the organic matter (D Baker; per- the Esperance district is between 4.2 cmol(+)/kg clay, most likely reflect- communication). The CEC of 
to 4.5, however, the susceptibility ing a difference in clay mineralogy. those soils with alkaline subsoils 
to soil acidity does vary between The two gradational, calcareous (Beete, Kumarl, and Scaddan) may plant species (Lamond and Dolling, ' soils, Beete and Kumarl, are inter- have also been underestimated by 1989). mediate wi th  CEC's ranging be- the use of this method. tween 17 to 28 cmol(+) / k g  clay. 
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are above 2 cmol(+)/kg clay. How- The Mullet soil has a very high Esperance and  Gore land systems. 
ever, in the bleached A2 horizons ESP of 25 in the surface soil which All of these soils have very low salt 
of the duplex soils, except for the has a clay content of 20% and is levels (<310 mS / m )  except for the 
Myrup soil, and in  all the lower also high in soluble salts. A high Mullet soil, which has  a very high 
horizons of the uniform sandy soils, total electrolyte concentration tends amount of soluble salt throughout 
exchangeable calcium levels fall to to prevent a sodic soil from dispers- the profile (350 to 740 mS / m )  as it 
very  low levels of  0.04 to  0.48 ing. Therefore the Mullet soil may occurs naturally in  a saline coastal 
cmol(+)/ k g  clay. Calcium is also not  exhibit dispersive properties. wetland area. 
less than 2 cmol(+)/ kg clay in  the The Myrup soil is only slightly subsoils of the Fleming, Boyatup Bulk Density sodic, with an  ESP of 9 in the up- and Mullet soils. Therefore, calcium 
per  part  of the clay subsoil which may be  deficient on some of these P A feature of the sodic subsoils increases to 17 at  a depth of 60 to soils, particularly the Corinup and of the Dempster, Mullet, Fleming, 100 cm. However, e suspected Yadina soils. Calcium is well sup- , 
 t h  t d  Boyatup and Scaddan soils are their sup plastic nature of this clay may high bulk densities which can be i 
p l ied  t h roughou t  the  Scaddan, 
cause t to behave as a non-sodic Beete a n d  Kumar l  soils of  t h e  as much as 1.9g/ cm3. These high soil, b y  .inhibiting dispersion. Fur- Scaddan land system, although a s b u l k  densities greatly restrict root 
e physical analysis of these two the cations were extracted at p H  7.0 tn...I. • - . penetration into 
the subsoil. This, 
sou properties are required, how- with 1M NH4C1, reliable separate together with the dispersive nature 
ever, to confirm these interpreta- measures of calcium and magne- of the subsoils, presents a n  imper- tions. s ium are not  available for some meable barrier to water movement, 
depths in  these soils. Soils high in sodium are often resulting in a perched water table 
dispersive when they become wet, during winter. The bulk density of Magnesium is generally low (<2 resulting in a loss os soil porosity the sandy topsoils of the duplex cmol(+)/ kg clay) in the surface of and decreased permeability, as well soils and of the sandy horizons of all soils a n d  in  the  under lying as being more susceptible to water the deep uniform soils, consistently s andy  layers, b u t  becomes the  erosion. Dispersion is also increased measured between 1.4 and  1.6 g/ 
dominant cation in  the clay s u b s o i l s c m 3 .  The high bulk density (2.06 to in some soils when exchangeable of all the duplex soils. Examination magnesium is higher than calcium 2.4) in the 10 to 20 a n  and  20 to 40 of the chemical da ta  of Burvill (Emerson and Baker, 1973). Mag- cm depths of  the Fleming soil, is (1988) for the Scaddan, Beete, and nesium exceeds calcium o n  the ex- possibly a measure of  the  large Kumarl soils, a similar trend is change complex of the clay subsoils amounts of ironstone gravels that 
observed for these soils. Exchange- for all soils except for the Myrup are present in  the sandy A horizons able potassium is very low (<0.25 soil. This da ta  would,  therefore of this soil. The bulk density of the cmol(+)/ kg clay) in  all soils except suggest that  the clay subsoils of subsoil of the Myrup soil reflects for the Myrup, Scaddan, Kumarl, these soils would be highly disper- its d a y  mineralogy, good structure 
and Beete soils. Sodium is high to sive. and  low sodicity, with a low bulk 
very high in  the clay subsoils of the density of 1.05 to 1.16 g / cm3. duplex and gradational soils. Salinity 
The electrical conductivity of the Fertility 
Sodicity soil sa turat ion extract  (ECe) is Soils of the Esperance area, in the widely used as a measure of the 
total soluble salts in  a soil. The 
Northcote and Skene (1972) con- virgin, undisturbed state, are low 
sider a soil to be  sodic when the in  available plant  nutrients and yields of most p s  will be effected exchangeable sodium percentage organic matter (Shier et  al, 1963). when the ECe of the soil is >400 (ESP) is b e t w e e n  6 t o  14 a n d  mS / m .  The Kumarl, Beet, a n d  Young (unpublished) measured the strongly sodic when >15. Analysis fertility in  the  top 10 cm of the Scaddan soils of the Scaddan land of the chemical data show that the Fleming soil at  three undisturbed very system have saline soils be- subsoils of the Dempster, M u l l e t , b u s h  si tes  o n  t h e  Esperance low depths of 20 to 30 cm with an Fleming,  Boyatup,  Scaddan,  ECe of >700 mS / m .  However, the sandplain, and  found very low lev- Kumarl  a n d  Beete soils are  all els of  organic carbon a t  0.34 to sand surfaced soils of the Salmon strongly sodic, with a n  ESP rang- 0.71%, total nitrogen a t  0.015 to Gumsy soil surveywere considered ing from 19 to 54. In particular, the0tractable to be  suitable for wheat and pas- 
.03%, and bicarbonate extractable 
Scaddan and Kumarl soils have a n  phosph orous at <2 to 4 m g / k g  and tures even with high soluble salt ESP of 40 to 50 in  the upper subsoil potassium a t  14 to 28 mg/kg .  The level, because of the free salt status horizon. The sandy topsoils of the Scaddan, Kumarl,  Corinup, and of the sandy topsoils and leaching duplex soils and all the sandy ho- Beete soils were  sampled a t  un- of the salts in the upper  60 of rizons of the deep uniform sandy cleared sites and as such are an  ac- these  soils  fo l lowing  
production to the s e  d e  
of  the 
soils are considered to be non-sodic curate reflection of these soils natu- (B '11, 1988). It therefore appears, because of the low amount of clay t ha t  t h e  subsoil  salinity , e 
ral fertility. The Mullet soil was 
and the low CEC of these horizons' Scaddan soil does not affect plant sampled at  a cleared s i t e ,  
that had 
Although the Beete and  Kumarl been over several years, left to ne- 
soils have an  ESP of <6 in the top p e e  a s g l e c t ,  possibly returning i t  to state for the Kumarl and Beete soils. 10 cm, it is believed that the ESP of of low fertility. The other soils were 
3 to 4, may be  high enough to still Only 1:5 soil:water electrical con- sampled  a t  sites tha t  h a d  been 
have an adverse effect on the sur- ductivity measurements are avail- cleared, sown to improved pasture 
face properties of these soils, able for  t he  o the r  soils o f  t h e  and  fertilised. 
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The Scaddan, Kumarl, Beete, been observed in barley grown on 
Corinup and Mullet soils, all have these soils, and  boron sensitive 
low to very low levels of organic cultivars also do not persist on these 
carbon (0.5 to 1.5%), total nitrogen soils. 
(0.05 to 0.08%) a n d  bicarbonate 
extractable phosphorous at 2 to 7 Description key for Tables 11-16 
m g / k g .  Bicarbonate extractable 
potassium, however, is very high 
(>80 mg/kg)  for all soils except the 
Corinup soil, which is low to very 
low throughout the profile (5-38 
mg/kg).  Of the soils that have been 
cleared, the fertility levels are van- I Very high capability c Climatic 
able, but  are generally higher than II High capability e Water erosion hazard 
the soils that were sampled in the III Fair capability f Flooding hazard 
areas of undis turbed bush. The 
Myrup soil, however, could be an IV Low capability i Waterlogging 
exception, as it has high to very V Very low capability j Rainfall 
high levels of all plant nutrients 
measured,  compared to l o w  to k Soil workability 
medium levels for the other soils 1 Nutrient availability 
that were sampled in pasture pad- m Moisture availability docks. It is possible that this soil 
has not  been as deeply weathered r R o o t i n g  conditions 
and leached as the other soils of the u Structure decline hazard 
Esperance land system, and also Wind erosion hazard has a different parent material, and 
may therefore, have a higher natu- x Potential for mechanization 
ral fertility. y Salinity (existing) 
Boron w a s  measu red  i n  t he  
Fleming, Corinup, Scaddan, Beete Refer to Table 5a for class definitions and to Wells and King (1989) for 
and Kumarl soils. Boron is one of description of land qualities and their assessment. 
the  micronutr ients  which  most 
commonly limits the yield and 
quality of crops. Several factors 
control the availability of boron. Al- 
though it is adsorbed to an increas- 
ing extent as the p H  is increased 
above 7, there is only a weak ad- 
sorption at lower p H  values. Boron 
is therefore leached fairly readily, 
resulting in  deficiency in regions of 
high rainfall, and possible toxicities 
i n  areas wi th  alkaline soils. The 
margin between boron deficiency 
and toxicity is narrow. Soil boron 
levels of 1-4 m g  / k g  are considered 
to be adequate, whereas concentra- 
tions less than 1 m g / k g  are consid- 
ered to be  deficient a n d  boron 
toxicities for susceptible crops, oc- 
cur at concentrations of >5 m g  /kg. 
The Fleming soil has low level of 
boron (0.1 to 3.0 mg/kg)  while the 
Corinup soil has very low (0.6 to 
<0.1 mg/kg). No  Boron deficiencies 
have been reported in the crops or 
pastures on the soils of the lower 
Esperance  area.  The Scaddan, 
Kumarl and Beete soils, however, 
have very high concentrations of 
boron (13 to 50 mg/kg)  in the up- 
per 30 to 50 cm of their profiles. 
Symptoms of boron toxicities have 
Capability class* Capability Limiting land quality 
subclass 
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Al Tables 11 to 16, which follow, The sand dunes have a very low 
give details of the capability and capability for all the land uses be- L a n d  capabi l i ty  a s ses smen t  limitations for each of the m a p  cause of the extreme wind erosion 
units. The classification and assess- hazard that is created when they 
ments were derived with assistance are cleared and also because of the 
from the advisory and research staff steep side wall slopes, often in ex- 
of the Esperance Agricultural Cen- cess of 20%, which prevents the use 
tre (Department of Agriculture), of agricultural machinery. The 
swales, however, are suitable for all 
The land capability classes indi- the land uses, except for lupins 
cate the degree of severity of physi- which do not grow well in  alkaline 
cal limitations to a particular land soils. The main limitations to the 
use  together wi th  the levels of other land uses are because of the 
management needed to contain any low nutrient and moisture availabil- 
subsequent land degradation. The ity of this deep sandy soil and the 
capability subclasses indicate the associated w i n d  erosion hazard. 
nature of the limitations. Capabil- The blow-outs have  a very low 
ity subclasses are not shown where capability for all the land uses as 
the capability is Class I because they can n o t  practically b e  re- 
there are only few, if any, land use claimed. 
limitations associated wi th  this Gore land system class. 
Waterlogging is the main limita- 
A wide range of land uses has tion to agricultural production on 
been assessed for the soils of the the poorly drained coastal plain, 
ELRS. These land uses reflect some with a moderate to high wind ero- 
of the established land uses (eg. sion hazard on the deep sandy soils. 
annual pastures, cereal cropping The two duplex soils, Dempster and 
and lucerne) of the district, and also Baylemup, are suitable for annual 
some of the more recent land uses sub-clover and perennial grass pas- 
(eg. tagasaste, perennial grasses, tures because of waterlogging tol- 
lupins and pine trees) that are be- erance, while all the other land uses 
ing tried, mainly on an experimen- are affected b y  waterlogging. 
tal basis, bu t  have the potential to The Corinup soil, o n  level to be used over larger areas where gently undulating plains (map units they can fill a niche or where they G3a and G3b) is suited to peren- 
can be more productive than the nial grass and legume pastures and 
more traditional land uses. For any pine (Pinus radiate) trees, as they land use, classes I to III are consid- have only a minor moisture and ered suitable with increasing level nutrient availability and wind ero- of limitations, while classes IV and sion limitation (II m,l,w). Cereal and 
V are unsuitable. The following is lupin cropping have a moderate 
a summary of the land capability moisture limitation, as these plants 
for each of the land systems. are not as deep rooted as the previ- 
ous plants and are unable to use all 
the available moisture in this soil Land capability ratings 
and their production is limited by 
The capability subclass letters moisture deficiency (IIIm,w). There 
following the class symbol indicate is also a moderate wind  erosion 
the limiting land qualities. The sub- hazard associated with cropping on 
classes are listed, in order, from the this soil. The land capability de- 
most limiting to the least limiting, creases however, on the sand dune 
and lunette soil landscapes (map 
units G3c and  G3d) with a wind Tooregullup land system erosion hazard for perennial grasses 
The Tooregullup land system is and legumes (IVw) and pine trees 
very limited in  its agricultural po- (IIIw) and an extreme wind erosion 
tential as it mainly consists of steep hazard (Vw) for all the other land 
walled parabolic sand dunes and uses. 
swales with many active blow-outs. The saline, seasonally wet flats 
All the soils are alkaline, sandy, (map unit G5) are also unsuitable 
rapidly drained and very infertile, for all the assessed land uses be- 
The Doombup soil occurs on the cause of the limitations of high to 
parabolic dunes and swales of this extreme salinity and  waterlogging 
land system. (Vi,y). 
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The Yadina soil (map unit G6) sub. clover pastures now become if poorly managed will develop 
has a moderate capability for all the suitable with a moderate moisture unstable sand areas. The Corinup 
assessed land uses, as there is a suf- availability and wind erosion limi- soil is considered to be the soil most 
ficient depth of sand in the profile tation (IIIm,w). The remaining land p r o n e  to w i n d  eros ion o n  the 
to prevent excessive waterlogging uses have only minor limitations of Esperance sandplain. It has been 
problems. moisture availability, wind erosion assessed as having a high wind 
or nutrient limitation (IIm,w,1). erosion and moisture availability 
Young Land System. limitation (IVw,m) for annual sub. The saline valley floors are un- clover pastures and a moderate 
The duplex soils of valley slopes suitable for all land uses because of h a z a r d  for  cereals a n d  lupins 
(Young series) of the river valleys t he  ext reme sal ini ty a n d  (IIIw,m). All land uses have a high 
are suitable for all land uses, with waterlogging limitations (V,y,1). to very high wind erosion and/or 
the exception of pine trees which moisture availability limitation on 
have a high rooting depth limita- Esperance Land System. the sand dunes and lunettes (IV- 
tion (IVr) that is caused by the shal- Vm,w). Pine trees were weighted 
low, sodic clay subsoils of the du- Waterlogging and wind erosion as having a high moisture availabil- 
plex soils. The valley slopes are are the two main limitations to ag- ity limitation for the establishment 
one of the few landscapes in  the r icu l tura l  p r o d u c t i o n  of t he  phase because seedlings have a low 
survey area that is prone to water Esperance land system. The duplex success rate of establishing on the 
erosion. Therefore both cereal and soils have dense, sodic subsoils rapidly drained sand dunes and 
lupin cropping have a moderate which have a low hydraulic con- lunettes, 
water erosion limitation (Me), and duct ivi ty  a n d  this results  i n  a 
grade banks are required to control perched watertable during winter 
The thick ironstone gravel layer 
run-off. Lupins and perennial leg- when rainfall exceeds the moisture of the Fleming, and dense sodic 
umes also have a moderate rooting ho ld ing  capacity of the  s andy  
subsoil of the Boyatup soil, affect 
depth limitation (Mr) on this soil, topsoils, the evapotranspiration rate root penetration 
and growth of the 
Annual sub, clover and perennial and the infiltration of water into the Plant species with tap roots such 
grass pastures have only a minor subsoil .  The d e p t h  of s andy  as 
lupins, lucerne, tagasaste and 
water and wind erosion limitation topsoils and the slope of the land Pine trees. Pine trees are consid- 
(IIe,w). also affects the  severi ty  of ered to be the worst affected and 
waterlogging. have been weighted towards a high 
Only annual sub. clover pastures limitation for rooting conditions 
have a high moisture availability The level plains with duplex soils (IVr) on these soils. Lupins and the 
a n d  w i n d  e ros ion  l imi ta t ion  (Fleming, Boyatup and Myrup se- perennial legumes, however, have 
(IVm,w) on the Corinup soil on the ries) and the grey clay soil associa- a fair capability for the same soils 
valley slopes, as the upper 50 cm tion with crabhole gilgai are poorly with a moderate rooting condition 
of this soil dries quickly and the drained and have a high risk of limitation (IIIr). 
shallow rooted sub. clover experi- waterlogging. Therefore these soil- The other limitations to note are ence moisture deficits during the landscapes have a low capability for a minor to moderate water erosion growing season. This leaves insuf- those land uses that are sensitive hazard (lie, Tile) on the landscapes ficient plant cover to protect the soil to waterlogged conditions and are with slopes in excess of 3%, such from wind erosion. All other land only suited to annual sub. clover 
as the undulating rises and low uses are suitable with varying de- pastures (Iii) and perennial grass hills, escarpment and minor river grees of limitations, having mainly pastures. The slope of the land on mi 
a high moisture availability and a the other landscapes improves the 
valleys. The escarpment and - 
nor river valleys also have a mecha- lower wind  erosion limitation as soil drainage to the extent that msation limitation (IIx-IIIx) due to these species are deeper rooted and waterlogging becomes only a mi- 
can use more of the available mois- nor limitation. The two deep sandy 
steep slopes, rock outcrop and sur- 
face stones. ture lower in the profile. soils, Corinup and Bandy series, are 
freely drained and do not have a The alluvial soil, Bandy, has been The effect of moisture availabil- waterlogging limitation on any of given a lower moisture availability ity has been decreased for the deep the landscapes. and wind erosion limitation (IIw) sandy loam soil, Dalyup series, of than the Corinup soil, because it has the stagnant alluvial plains (Y3 map All the soils of the Esperance more clay in its profile and holds unit) as this soil has a higher mois- land system, with the exception of more moisture. The alluvial plains ture holding capacity than the other the soils of the grey clay gilgai as- are also no t  as exposed as the deep sandy soils and also it receives sociation, have fine, sandy topsoils higher level plains of the Esperance 
additional moisture as run- off from that are readily reworked by wind, sand plain and therefore have a the valley slopes. The wind ero- The entire Esperance land system lower wind erosion hazard. The 
sion hazard has also been reduced therefore has the potential to be granitic domes (map unit Eg) have 
as these alluvial plains are at the affected by wind erosion, with an a- very low capability for all land lowest point in the landscape and extreme hazard on the sand dunes uses as they mainly consist of very thus not  as exposed as the sur- and lunettes. All soils, have a wind shallow skeletal soils developed on rounding elevated plains. Annual erosion hazard to some degree, and rock and exposed, bare rock. 
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Scaddan Land System. thus the crop production from these 
soils. Boron toxicities also reduce For the Scaddan land system, the yields of some barley varieties. only the individual soils will be As  a result, these chemical proper- mentioned in  this section. The ca- ties are considered to be a moder- pability rating for the soil corn- ate limitation (Mr), as they affect plexes is determined from the most rooting conditions, for cereal crop- limiting, dominant soil type of the ping. complex. 
Several medic varieties are also As the Scaddan land system is sensitive to high levels of boron and furthest inland, it experiences the d o  not persist on soils that are high lowest rainfall. For some of the i n  boron. However, as there are land uses, the low rainfall becomes tolerant medic varieties available, the most limiting factor. For an- boron toxicity is considered only as nual sub. clover or medic pastures a minor limitation. Also, because and  cereal cropping, the rainfall medics are shallow rooted, they are limitation has been assigned as a n o t  affected to the same degree by minor limitation (IIj). Whereas, for the soil salinity and sodicity as ce- perennial grasses, legumes and pine reals. Annua l  medic pastures, trees, their p roduct ion  becomes therefore, are considered to have a marginal over this area and  they h i g h  to fair  capabil i ty for the also require increased management Kumarl and Beete soils. inputs, so they have been deter- 
mined to have a moderate to low The last two soils of the Scaddan 
capability ( i l k  IVj) and are consid- land system are the two deep sandy 
ered to be unsuitable for all soils in soils, the Connup and Red Lake Se- 
this land system. ries. Cereal and lupin cropping 
have a moderate moisture availabil- The lower rainfall also suggests . i t y  and  wind  erosion limitation that waterlogging is not  as severe (IIIm,w) and have a fair capability in  the Scaddan land system, as on for these two soils. However, an- the sand plain and is only a prob- nual  clover pastures have a high lem o n  the dup lex  soils i n  the moisture availability and wind ero- higher rainfall years. Waterlogging sion limitation (IVm,w) and  are rates as only a minor limitation (IL) considered to be unsuitable for for cereal and lupin cropping on the these soils as they are not  deep Scaddan and Circle Valley soil se- rooted enough to extract sufficient ries. The other soils are moderately moisture from these soils and do well drained and waterlogging is no t  grow well to produce sufficient considered not to be  a problem. protective cover. 
Lupins require a depth of at least 
30 cm of sandy topsoils o n  the 
duplex soils to have an adequate 
rooting depth  as the tap root is 
i m p e d e d  b y  t h e  d e n s e  sodic 
subsoils. As the sandy topsoils are 
often less than 30 cm deep, a mod- 
erate rooting limitation (IIIr) has 
been assigned to these soils. 
Lupins are also adversely af- 
fected b y  alkaline soils and do not 
grow very well o n  the Kumarl and 
Beete soils. They have been rated 
as having a low capability (IVO, 
under the rooting condition limita- 
tion and are considered not to be 
suitable for these two soils. Cereal 
crops are also affected b y  the ad- 
verse chemical properties of the 
Kumarl and Beete soils which have 
high concentrations of soluble salt, 
boron and a high sodicity b y  the 
depth of 30 cm. This limits plant 
rooting depth and root growth and 
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Land resource information is of on a grid basis. Many paddocks 
considerable importance for sound contain a mixture of different soils D i s c u s s i o n  land use decisions and the devel- which results in variable produc- 
opment of land related management tion levels over each paddock and 
programs. Detailed information on can lead to land degradation. This 
the nature of the land resources, is especially a problem when a pro- 
their extent and distribution is now portion of a paddock is deep sand. 
available for the majority of the Economic pressures force farmers 
Esperance area. This particular in- to use  an  average stocking rate 
formation will contribute to a bet- which leads to overgrazing of the 
ter understanding of the soils and deep sands, leaving the soil surface 
landforms of the Esperance area and in an erodible condition. O n  most 
will aid in determining future agri- properties it is possible to re-fence 
cultural research programs. according to soil, because the area 
is sufficiently large. The usefulness of the land re- 
source information will vary be- Clearing on the Esperance land 
tween land systems. The maps will system has left most blocks almost 
not be as useful in the 'mallee' as devoid of remnant vegetation. Gen- 
on the Esperance sandplains. The erally, little attempt has been made 
different soil types of the Scaddan to establish windbreaks. This study 
land system can be identified from has only assessed the use of Pinus 
changes in their surface character- radiata, for  w i n d b r e a k s  and 
istics. Most farmers in the Scaddan shelterbelts. This does not, in any 
land system have a good knowledge way, preclude the use of eucalypts. 
of the distribution and extent of the Eucalypts, in general, have many 
soil types on their farms, gleaned advantages (water pumps to con- 
from many traverses over the land t r  01 the  w a t e r  table  level, 
during cultivation. However, the revegetation of degraded areas, 
soils of the Esperance land system windbreaks and they can be har- 
are more difficult to determine be- vested for profit) and may be more 
cause of the uniform cover of fine aesthetically pleasing in a natural 
sand across the entire land system. setting than the use of pines. 
In the case of the gravelly soils, it is 
only possible to identify the soils Over the Esperance area it is not 
from the subsurface characteristics Practical to develop a general ca- 
when cultivation has brought gravel pability system for eucalypts, be- 
to the surface. Many farmers do not cause usually a suitable species can 
have a good idea of the soils present be found for any niches in  the en- 
on their properties. The resource vironment. In poor seasons, when 
information of the Esperance land there is reduced surface cover, 
system should prove useful as a windbreaks can play a major role 
basis, both for farm and regional in protecting the land from strong 
planning purposes, while the use- winds. 
fu lness  of the  su rvey  o n  the  There is a long-term proposal to Scaddan land system is probably establish a woodchip industry in confined to regional planning. the Esperance area, with the grow- 
For mapping soils and produc- ing interest in Eucalyptus globulus, 
ing soil maps, a certain standard of Tasmanian blue gum, plantations 
accuracy mus t  be expected. The for the high rainfall areas. There are 
FAO (1979) suggests that soils can also suggestions of developing a 
be mapped within a minimum ob- very small  h a r d w o o d  industry. 
servation set. However, errors be- Currently, there is no timber mill 
cause of field procedure a n d / o r  in Esperance, however, this could 
survey methodology can affect the change within the growing period 
map's final accuracy. of the trees. 
The study has defined a number The extent of deep sands in the 
of extension and research priorities, area is greater  than  commonly 
The main emphasis for future ex- thought, and on a number of farms 
tension programs should be to pro- they are the dominant soil. The 
mote farm planning. In the sur- managers of these farms have at- 
veyed area there is almost a coin- tempted to apply the management 
plete absence of farming and fenc- practices and land uses which were 
ing according to soil types. Most developed for, and have been used 
farms have simply been subdivided successfully on, the shallow sands 
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over gravel. These attempts have of each species in a rotation. Re- with water repellent sands and on 
not proved overly successful and search is also required into the methods  of  deal ing w i t h  these 
some farmers are now trying dif- physical properties of the soils, problems. More research is needed 
ferent management techniques and particularly on how the different on ways to overcome the difficul- 
land uses, particularly the growing soil layers (sand, gravelly sand and ties of establishing trees o n  old land 
of tagasaste and lucerne o n  deep clay) and their water relations, af- and the problems of insect attacks 
sands. The results have been very fect root growth. on most exotic and native tree spe- 
encouraging, resulting in substan- des. Secondary  sal ini ty  o n  the tial increases in production together 
stem (as at 1992) Esperance land sywith a decreased erosion hazard. There are n o  land use conflicts is relatively minor compared with in the Esperance district, where two 
In the 1980s there was an increas- other areas of the wheatbelt. The or more incompatible uses are com- ing awareness of the importance of sandplain has only been cleared peting for the same land, and it is maintaining soils for long term vi- since about 1960, and there are few unlikely that any will arise in the ability and for sustainable agricul- farms where salinity is a significant foreseeable future. The district is 
ture. Even so, there is still a need problem. We believe that, in the remote from a major urban centre for more soil conservation extension future, salinity has the potential to so t ha t  any  d e m a n d  for hobby to continue this awareness program be more widespread. The main rea- farms is confined to the local popu- to a wider audience and to encour- sons for this are that the low relief lation. There is some development 
age and instigate more farm plan- of the sandplain means that a rise for hobby farms around Esperance, 
ning. Farm planning should include in the saline groundwater could bu t  it is mainly restricted to the fencing to soil types, establishment result in  the secondary salinisation Gore a n d  Tooregullup land sys- of regular windbreaks and apply- of substantial areas of land; and that tems. Neither system has any Class ing appropriate management prac- preliminary results from existing I or Class II agricultural land which tices to each land class. piezometers on the sandplain indi- needs to be protected from rede- 
cate that the water table is rising at A whole farm computer model velopment to a non-agricultural rates of between 25-50 cm p / a (R. for the Esperance sandplain has use. However, great care should be 
g Geor e, personal communication). exercised in  locating rural-residen- been developed b y  A. Bathgate Research is urgently required into (1990) of the Department of Agri- t ia l  d e v e l o p m e n t s  i n  the the hydrology /hydrogeology of the culture, Western Australia. The Tooregullup land system because district to determine the hydraulic model incorporates the soil groups processes which are operating and 
the sand dunes are extremely frag- 
used in the survey and will enable ile a n d  prone to blowouts. The theimplications to agriculture in the land resource capability i n f o r - c o a s t a l  f r inge s h o u l d  b e  more the area. mation to include economic factors, closely surveyed to determine the 
allowing a land suitability assess- The soil analytical results show most suitable locations for further 
ment to be made. The optimum mix that the sandy surfaced soils of the small scale developments. 
of enterprises for a particular farm Gore land system (Dempster and Few n e w  land uses are expected, can be derived, taking into account Yadina soils) have strongly acidic although there may be major shifts the physical resources, the prevail- surfaces  wh i l e  those  of the in the relative importance of the ing economic conditions and any Esperance and Scaddan land existing land uses. The area of lu- sys- practical management constraints. tems are only moderately acidic to e 
This model  will help farmers to neutral. Muller (unpublished), how- pins is likely to expand consider- 
lams 
associated with growing them 
make improved management deci- ever, has found that the p H  meas- 
bly during the 1990s as the prob- 
e sions, based on a knowledge of the ured in  CaC12 of the surface soil of overcome. land resources of their properties, the Fleming and Corinup soils can are 
.al for 
. 
At  ipresent, the area 
t to expand 
small, bu t  there 
i 
thus helping to ensure the long also be strongly acidic with a pH sown to 
l 
term viability of farming in the dis- ranging from 4.2 to 4.6. This sug- s great 
potential 
the large areas of suitable deep trict. By 1992, during the 'Decade gests that all the sandy surfaced on 
of Land Care', other land manage- soils in the Esperance area, with the i 
sand in  the Esperance and  Gore 
m e n t  m o d e l s  w e r e  deve loped  exception of those highly calcare- 
land systems. Production from lu- 
which incorporated resource infor- ous sandy soils of the Tooregullup ceme pastures on 
the deep sand far 
mation and budget analysis for the land system, have the potential to exceeds the dry matter production 
south coast of Western Australia. become more acidic with time un- 
from the volunteer, and some in- 
der the current subterranean clover troduced species which dominate Development of farming systems based pasture farming systems. these soils, although there is still a for the main land classes of the reluctance among farmers to plant Already, within the first 50 years demon- sandplain is identified as one of the lucerne. There is a need to of the use of these soils for agricul- main research objectives. Crops and strate the management techniques ture, the surface p H  is at, or ap- pastures grown o n  the Esperance needed for successful establishment proaching, the critical tolerance pH land system have different soil re- range for the  crop a n d  pasture  
and persistence of a lucerne stand. 
quirements, yet they are u s u a l l y T h e  area sown to perennial pasture plants grown in  the Esperance area 
grown across a range of soils. To (Yeates 1988; Dolling et at. 1991). is small, although the area of suit- develop suitable farming systems able soils is extensive. In addition, 
for each soil, examination of crop More information is required on a number of more specialised land 
and pasture production is required p r o d u c t i o n  losses caused  b y  uses should increase in  importance. 
to more fully understand the role waterlogging,  losses associated These include the  plant ing and 
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growing of wild flowers or saltbush 
to use salt-affected land produc- 
tively, and possibly fodder shrub 
species such  as Chamaecytisus 
prohferus, tagasaste, and Acacia sp. 
on highly erodible deep sands. 
The land system method has 
proven to be a suitable framework 
for broadly classifying landscapes. 
However, for this survey the divi- 
sion of the land systems into their 
component land facets did not pro- 
vide sufficient resource informa- 
tion. There was a poor relationship 
between soils and landforms on the 
level to undulating plains of the 
major land systems. The land sys- 
tems were divided into a more spe- 
cific set of map units with attributes 
that were important to crop and 
pasture production. The soils, to- 
ge ther  w i t h  areas  p r o n e  to 
waterlogging or salinity and other 
landscape features, were  subse- 
quently mapped as they occurred 
across the landscape. This required 
intensive field work, with a regu- 
lar series of transects across most 
properties. 
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e The m a p p i n g  program 
should proceed to encom- Conclusion and  pass the area covered b y  the 
recommendations Esperance, Young and Gore 
land systems. 
e There is a general lack of 
farm planning and fencing 
according to soils in the sur- 
vey  area. Farmers  in  the 
Esperance area use under- 
productive farming systems. 
A major farm planning and 
catchment extension initia- 
tive could lead to significant 
gains in production and  a 
reduction in land degrada- 
tion. The use of land beyond 
its capability, usually arising 
from having a mixture of 
various soils in  each pad- 
dock, is the main cause of 
land degradation in the dis- 
trict. 
• There are extensive areas of 
l a n d  affected b y  water- 
logging i n  the  Esperance 
l a n d  system. This means 
there is a need to determine 
p r o d u c t i o n  losses from 
waterlogging and what amel- 
iorative measures, perhaps 
by drainage or by selecting 
suitable tolerant species, are 
needed. 
e There is a need  for more 
salinity and  hydrogeology 
research, i n  particular,  to 
monitor groundwater levels 
thoroughly and to identify 
possible recharge areas. Sec- 
ondary salinity is not  a ma- 
jor  p r o b l e m  u p  to  1992, 
although it looms as a poten- 
tial disaster i n  the future. 
More investigation and ex- 
tension is needed  for the 
establ ishment  of saltbush 
and  bluebush species and 
salt tolerant perennials, such 
as Puccinellia ciliata, on the 
different salt-affected soils 
within the Esperance area. 
O Further investigation should 
be undertaken of the soils 
susceptible to acidity. There 
is a need to establish the cur- 
rent rate of acidification, to 
more broadly define the cur- 
rent acidity levels, and inves- 
tigate the mechanisms of soil 
acidity that affect plant pro- 
duction in this environment. 
This would allow soil man- 
agemen t  s t ra tegies  to  be 
developed before the onset of 
production losses resulting 
from soil acidity. 
O The resource survey will be 
of greatest use to land man- 
agers o n  the Esperance land 
system. The usefulness of the 
maps for the Scaddan land 
system is likely to  be  re- 
stricted to regional planning. 
• More research is required into 
the development of farming 
systems for the dominant 
soils iden t i f i ed  i n  the 
Esperance land system. This 
should include investigation 
of the plant and soil water re- 
lationships and root growth 
patterns of various crop and 
pasture species. 
O The next few years could see 
a gradual, b u t  substantial, 
change in  land use i n  the 
Esperance district. There is 
likely to be a shift away from 
cereal cropping and subter- 
r anean  clover pas tures  to 
land uses such as lucerne, lu- 
pins and serradella, and per- 
ennial pastures specifically 
suited to certain soils. Where 
the land capability ratings are 
given, i t  is recommended that 
development be directed into 
areas of higher capabilities 
(Class I and II) in preference 
to those of lower capability 
(Class IV and  V). 
6 The land capability classifica- 
tion system developed for 
this study is both comprehen- 
sive and  useable. The incor- 
p o r a t i o n  of reasonably 
specific l and  use  types  is 
perceived as an  advantage 
compared with using a sin- 
gle broad land use descrip- 
tion. The system can readily 
cope with a change in tech- 
nology or the development of 
different or extra land uses. 
Major changes will possibly 
be caused b y  market forces. 
If it is uneconomical to run 
stock, then farmers will con- 
tinue to crop. 
6 The specification of a capabil- 
ity subclass, which indicates 
the nature of land use limita- 
tions, is of equal importance 
to the capability class. Clear 
identification of these limita- 
tions enables management 
strategies a n d /  or plans to be 
drawn u p  in response to spe- 
cific land use proposals. 
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Glossa ry  Alluvium 
— A I  Aeolian Describes deposits of soil material transported a n d / o r  arranged by wind. 
An  accumulation of sediments deposited by, or 
in transit in flowing water. 
Apedal Describes a soil in which none of the soil mate- 
rial occurs in the form of peds or soil aggregates 
in the moist state. See also soil structure. 
Available water That part  of the water in  the soil that can be 
capacity absorbed by plant roots. 
Blowout A closed depression formed in  the land surface 
b y  wind; eroding the sand and depositing it on 
adjacent land. 
CEC Cation Exchange Capacity: The total amount of 
exchangeable cations that a soil can adsorb. This 
has a major controlling effect on soil properties 
and behaviour, stability of soil structure, the 
availability of some nutrients for plant growth, 
soil pH, and the soils' likely reaction to fertilis- 
ers and other ameliorants. 
Clay Soil material composed of particles < 0.002 mm. 
When used as a soil texture group, such soil con- 
tains at least 35% clay. 
Coarse fragments Particles that are >2 m m  in  diameter. They in- 
clude rock fragments and other fragments such 
as shells, but  not aggregations of pedogenic ori- 
gin (McDonald et al. 1984). 
Colluvium Unconsolidated soil and or soil parent material 
moved largely by gravity (i.e. mass movement), 
deposited on a lower slope and  at the base of 
a slope. 
Crabhole gilgai Small, irregularly distributed mounds and  de- 
pressions, forming a level to hummock like sur- 
face relief, and separated b y  a more or less con- 
tinuous plain. Vertical interval is usually < 0.3 m 
and the horizontal interval is about 3-10 m 
(McDonald et al. 1990). 
Concretion A concentric nodule, usual ly dominated by 
sesquioxide or manganese minerals, which has 
formed within the soil. 
Dispersible Describes structural breakdown of soil into indi- 
vidual suspended particles in water. 
Dune A sand ridge built u p  b y  wind  action. Different 
dune types are longitudinal and parabolic (de- 
scriptive of their shape within the landscape). 
Erodibility The susceptibility of soil detachment and  trans- 
portation b y  erosive agents being a function of 
the soil's mechanical, physical and chemical char- 
acteristics. 
Erosion The wearing away of the land and removal of 
soil by running water, rain, wind, frost, or other 
geological agents including such processes as de- 
tachment, entrainment, suspension, transporta- 
tion and mass movement. 
Fabric See soil fabric. 
Ferruginous The bonding of soil particles into a hard  mass by 
cementation concentration of iron around a nucleus. (See 
concretion). 
Gley The grey or greenish grey colouration found in 
soils. It is often produced under  conditions of 
poor drainage, which give rise to microbial oxy- 
gen depletion and chemical reduction of iron and 
other elements. 
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Holocene Present geological epoch which commenced 
about 11,000 years B.P. 
Horizons Layers within a soil profile which have morpho- 
logical properties different from those layers 
above or below (Northcote 1979). 
Horizons, An  A2 soil horizon that is white or almost so. 
Bleached A2 There are two types of bleached horizons; those 
where the bleached portions appear irregularly 
throughout the A2 horizon and those with a con- 
spicuous bleach where > 80% of the A2 horizon 
is bleached. 
Humic Referring to the organic content in the soil. 
Hummock A small raised feature above the general ground 
surface. 
Infiltration The downward movement of water into the soil. 
It is largely governed b y  the structural condition 
of the soil, the nature of the soil surface includ- 
ing the presence of vegetation and the anteced- 
ent moisture content of the soil. 
Landform element Part of the landform characterised by a distinc- 
t ive slope,  size, f o r m  a n d  the  t y p e  of 
geomorphological processes active on it. 
Laterite A soil in which an indurated iron rich layer usu- 
ally overlies a mottled clay and a pallid clay. 
Leaching The removal of the more soluble materials and 
salts b y  water seeping through a soil or rock. 
Loam A medium textured soil of approximate compo- 
sition 10-25% clay, 25-50% silt and <50% sand. 
Mallee habit Growth form in which a tree (usually an euca- 
lypt) has many stems arising from its base. 
Matrix Finer grained fraction, typically a cementing 
agent within a soil or rock in which larger par- 
ticles are embedded. 
Mottles The presence of more than one soil colour in the 
same horizon in the form of blobs and blotches, 
not  including different nodule colours. 
Nodule A smal l  concret ionary deposi t ,  usually 
sesquioxides and /o r  manganese and /o r  carbon- 
ates; usually hard. 
Pan A hardened, compacted a n d /  or cemented hori- 
zon in the soil profile. 
Ped An  individual natural soil aggregate. See also 
ped  shape, soil structure, soil fabric. 
Ped shape Refers to the shape of natural soil aggregates. 
Descriptive terms used are: 
Platy - The soil particles are flat or plate like. 
Lenticular - The soil particles are lens shaped 
Prismatic - The soil particles are prism shaped with well defined 
flat surfaces. 
Columnar - This ped  shape is similar to 
prismatic, bu t  the peds are 
larger and  their tops are 
domed. 
Polyhedral - In ter locking p e d s  with 
many re-entry angles. 
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Angular blocky - The soii particles are blocky, 
approximately cubic with 
six relatively flat, equal sur- 
faces. Edges are angular. 
• Subangular - This ped shape is similar to 
blocky angu la r  blocky, b u t  the 
edges of peds are rounded. 
• Granular These peds are spheroids or 
polyhedrons having planar 
or curved surfaces which 
are relatively non-porous. 
(• Common to Esperance soils) 
Permeability The characteristic of a soil, soil horizon or soil 
material which governs the rate at which water 
moves through it. 
p H  A measure of the acidity or alkalinity of the soil. 
A p H  of 7.0 denotes neutrality, higher values 
indicate alkalinity and lower values indicate acid- 
ity. 
Pleistocene Epoch of geological time starting about 1 million 
years I3.P. and ending about 11,000 B.P. 
Primary Profile Form The term given in the Northcote classification to 
the first division of all soils, based on soil tex- 
ture. The three main primary profile forms are: 
Uniform: soils in which there are small if any 
texture differences throughout the profile, so that 
there are no clearly defined texture boundaries. 
Gradational: soils which show increasingly finer 
texture with depth, but  where there is a gradual 
change in texture between successive horizons. 
Duplex: soils which have a clear change in tex- 
ture between the A and B horizons. 
Principal Profile Form The end point of the Northcote factual key clas- 
sification. It represents the complete concept and 
character of the profile form. 
Quaternary That period of geological time covering the 
Holocene plus the Pleistocene. 
Sesquioxide Oxides of aluminium and iron. 
Siliceous Having a high proportion of quartz. 
Sodicity A measure of exchangeable sodium in the soil. 
High levels (> 6) adversely affect soil stability, 
plant growth a n d / o r  land use. These soils are 
dispersible. 
Soil fabric The appearance of the soil material using a 
x 10 hand lens. Differences in the presence or ab- 
sence of peds, the lustre, or lack thereof, of the 
ped surfaces, and the size and arrangement of 
pores in the soil mass are noted. Descriptive 
terms used are: 
Earthy fabric: The soil material is cohesive and 
contains pores, but  few if any peds. 
Sandy fabric: The soil material consists of closely 
packed sand grains which are weakly cohesive 
with few if any peds. 
Rough ped  fabric: Peds are evident and charac- 
teristically more than 50% of the peds are matt 
or rough faced. 
Smooth ped  fabric: Peds are evident and charac- 
teristically > 50% of the peds are glossy or 
smoothed faced. 
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Soil reaction trend The direction of the p H  changes with depth down 
a soil profile. The trends are either acidic, neu- 
tral or alkaline. See also p H  (Northcote 1979). 
Structure The combination or spatial arrangement of pri- 
mary soil particles (clay, silt, sand, gravel) into 
natural soil aggregates (peds). See also soil struc- 
ture. 
Subsoil Subsurface material comprising the B and C ho- 
rizons of soils with distinct profiles. They often 
have brighter colours and higher clay content 
than topsoils. 
Surface condition Describes the natural surface condition of the top 
soil. 
Swale A linear, level floored open depression excavated 
by wind or formed by the build-up of two adja- 
cent ridges. Typically associated with the depres- 
sion between adjacent sand dunes. 
Texture The proportion of sand, silt or clay particles in 
the soil, defining the coarseness or fineness of 
soil material as it affects the behaviour of a moist 
ball of soil when pressed between the thumb and 
forefinger. 
Topsoil A part  of the soil profile, typically the A hori- 
zon, containing material which is usually darker 
and more fertile. 
Water repellent soil Soil which resists wetting when dry. 
Weathering The physical and chemical disintegration, altera- 
tion, and decomposition of rocks and minerals 
at or near the earth's surface b y  atmospheric and 
biological agents. 
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These appendices are for use in 
conjunction with the main text of 
Appendices the report and the 1:50,000 scale soil-landscape maps. 
Appendix 1 lists brief descrip- 
tions of each soil series in alpha- 
betical order. Appendix 2 gives the 
chemical and physical data for se- 
lected soil series. Appendix 3 con- 
tains the full legend of the map 
units to accompany the eight soil- 
landscape map sheets and Appen- 
dix 4 gives the land quality values 
for each map unit. Appendix 5 con- 
tains the land quality rating tables 
while Appendix 6 has the factor 
rating tables for each of the seven 
land uses identified. Appendix 7 
lists the vegetation identified on 
each map unit (over selected sites), 
and Appendix 8 illustrates a com- 
parison of the Esperance land re- 
source survey map units to other 
map units / soils series previously 
identified in the area. 
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Soils, listed alphabetically b y  soil series 
Appendix 1 Bandy series 
Alluvial, brown duplex soil 
Map unit: E6 
This soil is found on the minor alluvial flats within the minor river 
valleys on the very southern parts of the Esperance land system. It is a 
moderately deep, uniform, brown sandy loam to fine sandy clay loam 
soil which unevenly overlies a calcareous silty clay. There are only weak 
colour changes down the profile. The surface soil is usually a slightly 
acidic, grey loamy sand which becomes grey-brown with depth. The 
subsoil can increase to a sandy clay loam. At depth a pale olive clay is 
often present with subrounded calcareous coarse fragments . 
The soil 
reaction trend is alkaline (Photograph 16 on page 122). 
Australian classification: Haplic, Dystrophic, Brown, Kandosol 
Dominant PPF: Um5.51 
Great Soil Group: No suitable group 
Area: 66 ha 
T a b l e  A.1.1 B a n d y  s e r i e s ,  E s p e r a n c e  l a n d  s y s t e m  s o i l  p r o f i l e  d e s c r i p t i o n  ( m a p  u n i t  E6) 
D e p t h  (cm) H o r i z o n  Description 
0-10 A l  D a r k  g r e y  (10YR 4 / 2  M);  l o a m ,  f i ne  s a n d y ,  s i ng l e  g ra in ,  e a r t hy ;  p H  6.5 a b r u p t  b o u n d a r y  to 
10-45 B1 B r o w n  (10YR 4 / 4  M);  s a n d y  c l ay  l o a m ;  m a s s i v e ;  p o r o u s ;  p H  6.5, c lea r  b o u n d a r y  to 
45-60 B 2 1 w  B r o w n  (10YR 5 / 6  M ) ;  s a n d y  c lay  l o a m ;  mass ive ;  e a r t hy ;  p H  7.5, a b r u p t  b o u n d a r y  to 
60+  2B22kb  P a l e  o l ive  (2.5Y 6 / 2  M ) ;  f i ne  s a n d y  c lay  l o a m ;  e a r t h y ,  w e a k  s u b a n g u l a r  b l o c k y  s t r u c t u r e  2-5 m m ,  20-50% 
c o a r s e  ca l ca reous  f r a g m e n t s  20-60 m m ,  p H  9.5. 
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Baylemup series 
Solonetzic, yellow duplex soil 
Map units: G4a 
This soil is essentially the solonetzic variant of the soil of the G2 map 
unit and is found on the same landforms. The main difference is that the 
upper part  of the B horizon has a coarse columnar structure and is only 
slightly mottled. Tongues of the bleached A2 horizon penetrate down 
between the columns which can be u p  to 50 cm deep (Photograph 17 on 
page 122). 
Australian classification: Hypocalcic, Mesonatric, Grey, Sodosol 
Dominant PPF: Dy4.43 
Great Soil Group: SoIodized Solonetz 
Area: 526 ha 
Table A.1.2 Baylemup series, Gore land system soil profile description (map units G4a) 
Depth (cm) Horizon Description 
0-5 Al Dark greyish brown (10YR 3 / 2  M, 10YR 5 / 1  D), loamy fine sand; single grain; sandy; p H  6.5; abrupt 
boundary to 
5-35 A2e Brown (10YR 5 / 3  M, 10YR 8/1 D); fine sand; single grain; sandy; p H  7.5; sharp boundary to 
(tonguing) 
5-35 B21t Light brownish grey (2.5Y 6 / 2  M) to greyish brown (2.5Y 5 / 2  0) ;  light medium clay; strong columnar 
(tonguing) structure; > 200 mm, smooth; pH 7.5; gradual boundary to 
35-65 B22t Light yellowish brown (2.5Y 6 / 4  M) to light brownish grey (2.5Y 6.2 M); light clay; weak, subangular 
blocky; 10-20 mm, smooth; p H  8.5 gradual boundary to 
65-110 B23tk Pale yellow (5Y 7 / 3  M); light medium clay; massive; sandy fabric; 2-10%, coarse calcareous fragments, 6- 
20 mm; pH 9.0. 
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Beete series 
Grey, saline, calcareous, alkaline gradational soil 
Map unit: S3 
This soil type has been found only as a complex with the other soils 
in  the mapped area of the Scaddan land system and is mainly on the 
mounds of gilgais. As such, it is not  possible to map  as a separate unit. 
The typical profile is gradual, although it can vary from a uniform to 
a duplex profile form. The surface soil is variable, although mainly it has 
a clay loam texture with a fine granular to massive structure. There are 
some small carbonate nodules and much free carbonate present in the 
fine earth in the A l  horizon. The B horizon has a silty clay to light clay 
texture and a weak, fine blocky structure. Carbonate nodules are present 
throughout the subsoil, which is highly calcareous. Below the A l  hori- 
zon the profile is strongly sodic with high levels of soluble salts. The soil 
reaction trend is alkaline (Photograph 18 o n  page 122). 
Australian classification: 
Dominant PPE 
Great Soil Group: 
Table A.1.3 Beete series, Scaddan land system soil profile description (map units S3a, S3b) 
Hypersodic, Epicalcaric-Massive, Calcic, 
Calcarosol 
Gc1.12 
Grey-brown and Red-brown 
Calcareous soils 
Depth (cm) Horizon Description 
0-13 A l k  Light olive grey (5Y 6 / 2  M); silty clay loam; weak, granular structure, 2-5 mm; rough; < 2 %  calcareous 
segregations, 6-20 mm; very highly calcareous; p H  9.0; gradual boundary to 
13-46 B21k Pale olive (5Y 6 / 3  M); silty clay; weak, subangular blocky structure, 5-10 mm; smooth; 2-10%, calcareous 
segregations, 20-60 m m  and 10-20% soft calcareous segregations, 6-20 mm; very highly calcareous; p H  9.0; 
diffuse boundary to 
46-100 B22k Olive (5Y 5 / 3  M); light clay; weak, subangular blocky, 2-5 mm; smooth; 10-20%, calcareous segregations, 
60-200 ram; and 10-20% soft calcareous segregations, 6-20 mm; very highly calcareous; p H  9.5. 
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Boyatup series 
Solonetzic, yellow, mottled duplex soil 
Map units: E4a, E4b, E4e 
This soil is only found on the level to gently undulating plains o n  the 
southern parts of the Esperance land system. It is a duplex soil that 
usually has shallow sandy A horizons < 3 0  cm deep, overlying a coarse, 
columnar structured clay subsoil. The topsoil is a dark greyish brown 
fine sand overlying a conspicuously bleached A2 horizon of fine sand 
that extends down between the columns. The A2 horizon is normally 
free of gravel, bu t  on occasions does contain some fine, rounded ferru- 
ginous gravels. The columns of the B horizon can extend u p  to 50 cm in 
depth and part to a strong blocky structure. The clay is mottled through- 
out and varies in colour from yellow-brown to red. The sandy topsoil is 
slightly acidic and the soil reaction trend is usually neutral, bu t  may be 
alkaline, with some carbonate nodules in the deep subsoil (Photograph 
19 on page 123). 
Australian classification: Basic Mesonatric, Brown, Sodosol 
Dominant PPF: Dy5.42 
Great Soil Group: Integrading into SoIodized Solonetz 
Area: 7944 ha 
Table A.1.4 Boyatup series, Esperance land  system soil profile description (map units E4a, E4b, E4e) 
Depth (cm) Horizon Description 
0-15 Ap Very dark  greyish brown (10YR 3 / 2  M); fine sand; single grain; sandy; p H  6.0; sharp boundary to 
15-53 
(tonguing) 
A2e Light yellowish brown (10YR 6 / 4  M), very pale brown (10YR 7 / 3  D); fine sand; single grain; sandy p H  7.0; 
sharp boundary to 
18-55 B21t Yellowish brown (10YR 5 / 8  M); light medium clay; 10-20%; fine, faint, brown mottles, 2%, fine, 
(tonguing) prominent, red, mottles; strong columnar structure, 200-500 mm, parting to strong subangular blocky, 10- 
20 mm, smooth; p H  6.5; gradual boundary to 
55-70 B22t Brownish yellow (10YR 6 / 6  M); medium clay; 20-50%, medium, distinct, yellow mottles, <2%,  fine 
prominent red mottles; structure as for B21; smooth; p H  7.5; gradual boundary to 
70-120 B2g Yellow (2.5Y 7 / 8  M); sandy clay; 10-20%, coarse, distinct, pale grey mottles; massive; p H  8.0. 
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Circle Valley series 
Yellow, sodic, alkaline duplex soil 
Map units: S2a, S2b 
This soil type is a weakly structured variant of the Scaddan soil series, 
and often occurs with that soil in a soil complex. It is a light textured 
duplex soil with alkaline and sodic subsoils (Photograph 20 on page 
123). The typical profile has an A horizon which may be a sand to a 
sandy loam and is normally quite shallow (5-30 cm), with a slightly 
acidic to neutral pH. There is a sharp texture change to the upper  B 
horizon of sandy clay loam. 
The clay B horizon often has a weak to moderate subangular blocky 
structure, and is usually dull olive-grey. Carbonate is always present at 
depths of 40-70 cm, either as nodules or in  the fine earth with carbonate 
nodules occurring as a layer in the clay. This soil has a strong alkaline 
soil reaction trend with a deep subsoil p H  of 9.5. 
Australian classification: Calcic, Hypernatric, Grey, Sodosol 
Dominant PPF: Dy4.83 
Great Soil Group: SoIodic Soils 
Area: 80 ha 
Table A.11.5 Circle Valley series, Scaddan land  system profile description (map units S2a, S2b) 
Depth (cm) Horizon Description 
0-10 A l  Dark greyish brown (2.5Y 4 / 2  M); light brownish grey (10YR 6 / 2  D); loamy fine sand, single grain; sandy; 
p H  7.5; abrupt boundary to 
10-18 B1 Pale olive (5Y 6 / 3  M); sandy clay loam; weak sub-angular blocky structure; 10-20 mm; smooth; p H  8.5; 
clear boundary to 
18-58 B21t Pale olive (5Y 6 / 3  NI); sandy clay; weak sub-angular blocky structure, 10-20 mm; smooth; moderately 
calcareous; p H  9.5; abrupt boundary to 
58-95 B22tk Pale olive (5Y 6 / 4  M); light clay; 10-20%, fine distinct, brown mottles; weak sub-angular blocky structure, 
10-20 mm; smooth; 10-20% calcareous segregations, 20-60 mm; highly calcareous; p H  9.5; abrupt boundary 
to 
95-120 B23tk Pale olive (5Y 6 / 4  M); sandy clay; 10-20%, fine, distinct brown mottles; moderate sub-angular blocky 
structure, 10-20 mm; smooth; highly calcareous; p H  9.0. 
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Coo bidge series 
Saline, gleyed, mottled duplex soil 
Map units: Y4 
This soil is found on the poorly drained, saline valley floors of the 
incised river systems of the Young land system. It is a duplex soil with 
moderately deep sandy A horizons, which contain a conspicuously 
bleached A2 horizon overlying a poorly structured, mottled gleyed clay 
B horizon. 
Australian classification: (Ferric) Salic Hydrosol 
Dominant P.P.F.: Dg4.82 
Great Soil Group: No suitable group 
Area: 206 ha 
T a b l e  A.1.6 C o o b i d g e  s e r i e s ,  Y o u n g  l a n d  s y s t e m  s o i l  p r o f i l e  d e s c r i p t i o n  ( m a p  u n i t  Y4) 
D e p t h  (cm) H o r i z o n  Description 
0-7  A l  D a r k  g r e y  (5Y 4 / 1  M ) ;  l o a m y  s a n d ;  s ing le  g ra in ;  s a n d y ;  p H  6.0; a b r u p t  b o u n d a r y  to 
7-22 A 2 1 e  L i g h t  b r o w n i s h  g r e y  (2.5Y 6 / 2  M ) ;  s a n d ;  s ing l e  g ra in ;  s a n d y ;  p H  6.5; c l ea r  b o u n d a r y  to 
22-39 A 2 2 e  V e r y  p a l e  b r o w n  (10YR 7 / 3  M);  s a n d ;  s ing l e  g ra in ;  s a n d y ;  p H  7.0; a b r u p t  b o u n d a r y  to 
39-62 B l g e  B r o w n  (10YR 5 / 3  M ) ;  c l ayey  s a n d ;  s ing le  g ra in ,  s a n d y ;  40-50% f e r r u g i n o u s  s e g r e g a t i o n s  s u b r o u n d e d ,  6- 
2 0  m m ;  p H  7.5; a b r u p t  b o u n d a r y  to 
62-100 B2 tg  L i g h t  g r e y  (10YR 7 / 2  M);  s a n d y  clay;  w e a k  s u b - a n g u l a r  b l o c k y  s t ruc tu re ;  2-5 m m ;  s m o o t h ;  20-50% coarse 
p r o m i n e n t  o r a n g e  mot t les ;  10-20% f e r r u g i n o u s  seg rega t ions ;  s u b r o u n d e d ,  6-20 m m ;  p H  8.0. 
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Corinup series 
Deep uniform sand 
Map units: G3a to G3d, Y2, E3a to E3h, S5 
This is the deep sandy siliceous soil showing the podzol characteris- 
tics that has been formed by the re-working of sandy material b y  aeolian 
processes in the Pleistocene. It has been deposited into sand sheets of 
varying thickness and sand dunes across many of the landscapes of the 
survey area. These profiles are considered identical to the map  units 
when the depth of sand is > 80 cm (Photograph 21 on page 123). 
The surface sand shows an accumulation of organic matter and overlies 
a conspicuously bleached A2 horizon which grades into a yellow, iron 
oxide colour. The colour of the B horizon can sometimes contain many 
fine white mottles at depth and at other times the colour is only very 
poorly developed. 
B horizons occur at depths of between 25-80 cm. The topsoil is acidic 
and the profile has a neutral soil reaction trend. 
Australian classification: Basic, Yellow, Bleached, Tenosol 
Dominant PPF: Uc2.21 
Great Soil Group: Siliceous Sands, Podzol intergrade 
Area: G3a to G3d 8810 ha 
Y2 64 ha 
E3a to E3h 72,682 ha 
S5a to S5c 629 ha 
Table A.1.7 Corinup series, Gore land  system soil profile description (map units G3a-G3d). *Also occurs as map units E3a-E3f, (Esperance land 
system) Y2 (Young land  system) and  S5a-S5e (Scaddan land system) 
Depth (cm) Horizon Description 
0-12 Ap Dark grey (10YR 4/1)  fine sand, single grain; sandy; p H  6.0; clear boundary to 
12-65 A2e Pale brown (10YR 6 /3  M), light grey (10YR 7 / 2  D); fine sand; single grain; sandy; p H  6.5; clear boundary 
to 
65-120 B2 Brownish yellow (10YR 6 / 6  M) fine sand; single grain; sandy; p H  7.0; diffuse boundary to 
120-250 C Yellow (2.5YR 8 / 6  M); fine sand; single grain; sandy; 10-20%, fine distinct, white mottles; p H  7.5. 
This soil is found on all land systems except the Tooregullup and will only be described once, as above, to avoid repetition. 
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Dalyup series 
Alluvial, brown, uniform sands 
Map unit: Y3 
This soil is found on the 'stagnant' alluvial plains (McDonald et al. 
1990) of the Young land system. It is a deep, uniform brown sand to 
sandy loam which only shows weak colour changes down the profile. 
The surface horizon is usually a slightly acidic brown sand which be- 
comes red-brown to yellow-brown with depth. The subsoil texture can 
increase to sandy loam. Small amounts of subrounded granitic coarse 
fragments are found throughout the profile. The soil reaction trend is 
neutral (Photograph 22 on page 124). 
Australian classification: Brown Orthic Tenosol 
Dominant PPF: Uc5.11 
Great Soil Group: Siliceous Sands 
Area: 644 ha 
Table A.1.8 Dalyup series, Young land system soil profile description (map uni t  Y3) 
Depth (cm) Horizon Description 
0-10 A l  Dark brown (7.5YR 4 / 2  M); loamy fine sand; single grain; sandy; p H  6.5; abrupt boundary to 
10-45 B21 Brown (7.5YR 5 / 4  M); clayey fine sand; single grain; sandy; p H  6.5; clear boundary to 
45-100 B22 Reddish brown (5YR 4 / 4  M); clayey fine sand; single grain; sandy; 2-10%, subrounded granitic coarse 
fragments, 2-6 mm; p H  7.0; clear boundary to 
100-150 B23 Yellow brown (10YR 5 / 4  M); clayey fine sand; single grain; sandy; 2-10%, subrounded granitic coarse 
fragments, 2-6 mm, p H  7.5. 
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Dempster series 
Yellow, sodic mottled duplex soil 
Map unit: G2a, G2b 
This soil is found on the poorly drained level to gently undulating 
plains of the Gore land system. It is a duplex soil with moderately deep 
firm sandy A horizons that vary in depth from 20-60 cm. The surface 
sand is dark greyish brown and overlies a conspicuously bleached A2 
horizon. There is a sharp textured change to a yellowish brown mottled 
wealdy structured sandy clay to light medium clay subsoil. The lower 
part of this horizon is slightly calcareous and alkaline (Photograph 23 on 
page 124). 
Australian classification: Hypocalcic, Mesonatric, Yellow, Sodosol 
Dominant PPF: Dy5.83 
Great Soil Group: No suitable group (Wiesenboden) 
Area: 4625 ha 
T a b l e  A.1.9 D e m p s t e r  s e r i e s ,  G o r e  l a n d  s y s t e m  s o i l  p r o f i l e  d e s c r i p t i o n  ( m a p  u n i t  G 2 a ,  G2b) 
D e p t h  (cm) H o r i z o n  Description 
0-10 A l  D a r k  g r e y i s h  b r o w n  (10YR 3 / 2  M ,  10YR 5 / 1  D);  l o a m y  f ine  s a n d ;  s ing l e  g r a i n ;  s a n d y ;  p H  6.0; abrupt 
b o u n d a r y  to 
10-25 A 2 1 e  L i g h t  b r o w n i s h  g r e y  (10YR 6 / 2  M ,  10YR 7 / 2  D) ;  f i ne  s a n d ;  s ing l e  g ra in ;  s a n d y ;  p H  7.0 c lea r  b o u n d a r y  to 
25-32 A 2 2 e  P a l e  y e l l o w i s h  b r o w n  (2.5 Y 7.4 M ,  10YR 7 / 4  D);  f i ne  s a n d ;  s ing le  g ra in ;  s a n d y ;  p H  7.0; s h a r p  b o u n d a r y  to 
32-80 B21 O l i v e  y e l l o w  (2.5Y 6 / 6  M )  t o  y e l l o w i s h  b r o w n  (10YR 5 / 8  M);  l i g h t  m e d i u m  c lay ;  w e a k ,  s u b a n g u l a r  blocky 
s t r u c t u r e ;  10-20 m m ;  10-20%; d is t inc t ,  r e d  mo t t l e s ;  s m o o t h ;  p H  7.5; g r a d u a l  b o u n d a r y  to 
80-100 B22 Y e l l o w  (10YR 7 / 6  M ) ;  l i g h t  m e d i u m  clay; m a s s i v e ;  s a n d y ;  s l i gh t ly  ca lca reous ;  p H  8.5; g r a d u a l  b o u n d a r y  to 
100 + B23 Y e l l o w  (10YR 6 / 6  M ) ;  l i g h t  m e d i u m  clay; m a s s i v e ;  s a n d y ;  10-20% a n g u l a r  s i l t s tone  coa r se  f r ac t ion  20- 
60 m m ;  s l igh t ly  ca lcareous;  p H  8.5. 
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Doombup series 
Calcareous, uniform sand 
Map units: T i ,  T2 
This soil comprises the deep, white calcareous sands of the coastal 
Holocene parabolic sand dunes and associated swales. These are the 
youngest soils of the survey area and show minimal profile development 
which is restricted to accumulation of organic matter in the upper 50-80 
cm. This soil is highly calcareous and alkaline and often has small amounts 
of fine shell grit throughout the profile (Photograph 24 on page 124). 
This soil often overlies buried profiles, showing the many phases of 
depositions that occurred over the development of this landscape. In 
several places in the swales, a shallow loamy soil (Um4.21) h a d  devel- 
oped. Textures are heavier (loam to silt loam) throughout the profile, but 
only to depths of 50 cm where the buried calcareous sand is again found. 
Australian classification: White, Shelly, Rudosol 
Dominant PPF: Uc1.11 
Great Soil Group: Calcareous Sand 
Area: 2082 ha 
Table A.1.10 Doombup series, Tooregullup land system soil profile description (map units T i  and T2) 
Depth (cm) Horizon Description 
0-35 Al Greyish brown (10YR 5 / 2  M, 10YR 6 /1  D); sand; single grain; sandy; loose, very highly calcareous; <2%, 
fine shell fragments; p H  8.5; diffuse boundary to 
35-70 C l  Light brownish grey (10YR 6 / 2  M, 10YR 7 / 2  0);  sandy; single grain; sandy; loose; < 2 % ,  fine shell 
fragments; very highly calcareous; p H  8.5; diffuse boundary to 
70-500 C2 Light grey (10YR 7 / 2  M, 10YR 8 /1  D); sand; single grain; sandy; loose; < 2%, fine shell fragments; very 
highly calcareous; p H  9.0. 
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Fleming series (shallow) 
Gravelly, yellow, mottled, duplex soils (< 30 cm over 
gravel) 
Map units: El a-Elf 
This soil is found across a wide range of landforms throughout the 
Esperance land system and is remarkable for its consistency. It is a du- 
plex soil with moderately deep to deep fine sandy A horizons that con- 
tain large amounts of ferruginous ironstone gravels. Profiles were clas- 
sified as this soil type when the depth of sand overlying the gravel layer 
is < 3 0  cm deep. 
The topsoil is a dark greyish brown fine sand overlying a deep con- 
spicuously bleached A2 horizon. There is an abrupt textural change to a 
fine sandy to light medium clay subsoil at depths of 50-90 cm, and the 
ironstone gravels continue, at lesser amounts, into the upper part  of the 
B horizon. The clay subsoil varies in  colour from yellow-brown to grey, 
has many coarse mottles and is only weakly structured. The topsoil is 
acidic and the p H  gradually increases to neutral in  the subsoil (Photo- 
graph 25 on page 125). 
Australian classification: Ferric, Mesonatric, Yellow, Sodosol 
Dominant PPF: Dy5.82 
Great Soil Group: Integrades to Lateritic Podzolic Soils 
Area: 78,482 ha 
Table A.1.11 Fleming series (shallow), Esperance land system soil profile description (map units Ela-Elf) 
Depth (cm) Horizon Description 
0-10 A l  Very dark greyish brown (10YR 3 / 2  M); fine sand; single grain; sandy; p H  6.5; sharp boundary to 
10-40 A2e Brown (10YR 5 / 3  M), light grey (10YR 7 / 2  D); fine sand; single grain; sandy; > 50%, ferruginous 
segregations, subrounded, 6-20 ram; p H  7.0; clear boundary to 
40-60 Bic Light yellowish brown (10YR 6 / 4  M), very pale brown (10YR 7 / 4  D); fine sand; single grain, sandy; > 
50%, ferruginous segregations, subrounded, 6-20 mm; pH 7.0; abrupt boundary to 
60-120 B2te Yellowish brown (10YR 6 / 6  M); fine sandy clay; weak, subangular blocky structure, 2-5 mm; smooth; 20- 
50%, coarse, distinct, grey mottles; 10-20%, ferruginous segregations, subrounded, 6-20 mm; p H  7.5. 
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Fleming series 
Gravelly, yellow mottled duplex soil (30-80 cm sand over 
gravel) 
Map units: E2a-E2f 
This soil is the deeper sandy phase of the previous soil, in that the 
depth of sand overlying ironstone gravel layer is between 30-80 cm. The 
depth to clay is of a similar range for this phase, therefore this soil is 
characterised b y  a much thinner gravel layer in  the conspicuously 
bleached A2 horizon. On some occasions there were no ironstone gravels 
present in the sandy A horizons above the clay subsoil. This non-grav- 
elly phase was included with this soil, and not mapped separately, as 
was done for the EDRS soil survey (Smith 1950). The other profile char- 
acteristics are the same as for the previous soil (Photograph 26 on 
page 125). 
Australian classification: 
Dominant PPF: 
Great Soil Group: 
Area: 
Basic, Mesonatric, Yellow, Sodosol 
Dy5.82 
Gravelly SoIodic soil (Integrades to 
Lateritic Podzolic Soils) 
67,540 ha 
Table A.1.12 Fleming series, Esperance land system soil profile description (map units E2a-E2f) 
Depth (cm) Horizon Description 
0 1 0  A l  Very dark greyish brown (10YR 3 / 2  M); fine sand; single grain; sandy; p H  6.5; sharp boundary to 
10-53 A21e Light brownish grey (10YR 6 / 2  M), white (10YR 8 /1  D); fine sand; single grain; sandy; p H  7.0; abrupt 
boundary to 
53-67 A22e Light yellowish brown (10YR 6 / 4  M), white (10YR 8 / 2  D); fine sand; single grain; sandy; > 50%, 
subrounded, 6-20 mm, ferruginous segregations; p H  7.5; sharp boundary to 
67-100 B21c Yellowish brown (10YR 5 / 8  M); fine sandy clay; weak, subangular blocky structure, 2-5 mm; smooth; 20- 
50%, coarse, prominent grey mottles; 10-20% ferruginous segregations 6-20 mm; p H  7.5. 
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13381-6 
Kumarl series 
Red, sodic, alkaline gradational soil 
Map Units: S4a to S4d 
This soil has a medium to heavy surface texture and often exhibits a 
crabhole gilgai microrelief. This soil most commonly occurs with a Gra- 
dational primary profile form, and occasionally in  the duplex and uni- 
form primary profile forms. 
Texture of the A horizon varies from a sandy loam to a clay loam and 
is weakly structured to massive and non-calcareous. The surface soil is 
shallow and a light clay B horizon is found at a depth of 10-15 cm. The 
upper part  of the subsoil has a moderate polyhedral structure, bu t  be- 
comes massive with depth. Carbonate segregations and free carbonate 
are found throughout the B horizon which is alkaline, sodic and has high 
levels of soluble salts (Photograph 27 on page 125). The profile has an 
alkaline soil reaction trend. 
When this soil shows a gilgai microrelief, other soils often occur in a 
complex association. The grey gradational soil (Beete series) is found on 
the mound of the gilgai and in the gilgai a non-calcareous, seasonally 
cracking, uniform clay (Ug) soil has formed. Where the gilgais are widely 
spaced, the solonetzic, yellow duplex soil (Scaddan series) may be present 
between the gilgais. 
Australian classification: Hypersodic, Endocalcaric, Pedal, Calcic 
Calcarosol 
Dominant PPF: Gc1.22 
Great Soil Group: SoIonized, Brown Soil 
Area: 3605 ha 
Table A.1.13 Kumarl series, Scaddan land system soil profile description (map units S4a-54d) 
Depth (cm) Horizon Description 
0-10 A l  Dark brown (7.5YR 4 / 3  M); fine sandy; clay loam, weak, granular, 2-5 mm; rough; non calcareous; p H  8.5; 
clear boundary to 
10-30 B2ltk Reddish brown (5YR 5 / 4  M); light clay; moderate, polyhedral, 5-10 mm; smooth; 2-10%, calcareous 
segregations, 20-60 mm; very highly calcareous; p H  9.0; gradual boundary to 
30-100 B22tk Reddish brown (5YR 5 / 6  M); light medium clay; massive; highly calcareous; p H  9.0. 
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Mullet series 
Saline, duplex soil 
Map unit: G5 
This is the soil of the poorly drained winter-wet flats of the coastal 
plain. It is often saline and seasonally waterlogged and may only sup- 
port a paperbark, samphire vegetation association. This soil has a duplex 
Primary Profile Form with a relatively shallow sandy topsoil overlying 
a sandy clay to medium clay subsoil (Photograph 28 on page 126). This 
soil has an alkaline soil reaction trend. 
Australian classification: Haplic, Hypersalic, Hydrosol 
Dominant PPF: Dy4.13 
Great Soil Group: SoIonized Brown Soil 
Area: 3069 ha 
Table A.1.14 Mullet series, Gore land system soil profile description (map unit  G5) 
Depth (cm) Horizon Description 
0-15 A l  Dark olive grey (5Y 3 / 2  M); sandy clay loam; single grain; p H  8.0; sharp boundary to 
15-40 B21t Pale olive (5Y 6 / 3  M); light medium clay massive; ; p H  9.0; clear boundary to 
40-90 B22tk. Pale olive (5Y 6 / 4  M); light medium clay; < 2 % .  Faint orange mottles, < 5 mm; moderate subangular 
blocky structure; 2-5 mm, rough; 2-10%; calcareous segregations; p H  9.0; gradual boundary to 
90+ B23th Light grey (5Y 7 / 2  M); medium d a y  subangular blocky structure, 2-5 mm, rough, 10-20%. Faint orange 
mottles; 10-20% angular calcareous coarse fraction, 20-60 mm; p H  9.5. 
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Myrup series 
Moderately deep, grey-brown duplex soil overlying 
siltstone 
Map units: E5a-E5c 
This soil has developed over the Tertiary siltstone sediments that have 
been exposed on the erosional landscapes, the minor river valleys and 
escarpment, on the very southern parts of the Esperance land system, 
and is also found on the level plains adjacent to these landscapes. Small 
areas of sheet siltstone outcrops, which are throughout this soil, have 
been covered b y  a thin veneer of sand. 
The soil type is only moderately deep with weathered siltstone or 
bedrock at depths of 70-80 cm. The topsoil is dark  greyish brown fine 
sand overlying a conspicuously bleached A2 horizon, with total A hori- 
zon depths of 10-30 cm. There is an abrupt textural change to a greyish 
brown, light medium clay subsoil with a prismatic structure in  the upper 
parts. This grades into a weakly structured yellow-brown clay which 
overlies the weathered siltstone bedrock. Few to many siltstone rocks are 
found in the A and B horizons. The topsoil is slightly acidic and the 
profile has a neutral soil reaction trend (Photograph 29 on page 126). 
Australian classification: Basic, Mesonatric, Grey, Sodosol 
Dominant PPF: Dy4.42 
Great Soil Group: SoIodic Soils 
Area: 755 ha 
Table A.1.15 Myrup series, Esperance land system soil profile description (map units E5a-E5c) 
Depth (cm) Horizon Description 
0-15 A l  Very dark greyish brown (10YR 3/2M); loamy fine sand; single grain; sandy; p H  5.5 clear boundary to 
15-25 A2e Yellowish brown (10YR 6/4M), pale brown (10YR 7/3D); fine sand; single grain; sandy; 20-50%, 
subangular siltstone fragments, 20-60 mm; p H  6.5; sharp boundary to 
25-50 B21t Grey brown (10YR 5/2M), light medium clay; strong prismatic structure, 50-100 mm, parting to strong 
angular blocky structure, 10-20 mm; smooth; 10-20% angular siltstone coarse fraction 60-200 mm, p H  7.5; 
gradual boundary to 
50-80 B22t Yellow brown (10YR 6/4M); light medium clay weak subangular blocky structure 2-5 mm, smooth; 10-20% 
angular siltstone coarse fraction, 20-60 mm, p H  7.5; gradual boundary to 
80-90 C Weathered siltstone 
90 Siltstone 
L A N D  RESOURCES SERIES N o .  8 84 
Red Lake series 
Siliceous, brown, uniform sands 
Map units: S6a, S6b 
This soil is a deep uniform sandy soil (Photograph 30 o n  page 126), 
and consists of a surface layer stained by organic matter overlying a 
brown A2 horizon. The dark brown B horizon extends for several me- 
tres. Textures are loamy to clayey sands throughout the profile, with a 
single grain structure. The surface soil is neutral and the profile has a 
neutral soil reaction trend. 
They can be differentiated from the other deep sandy soil b y  their 
brown colour, slightly coarser grain size and slightly higher clay content. 
Australian classification: Yellow Orthic Tenosol 
Dominant PPF: Uc1.22 
Great Soil Group: Siliceous Sands 
Area: 372 ha 
Table A.1.16 Red Lake series, Scaddan land system soil profile description (map uni t  56a, S6b) 
Depth (cm) Horizon Description 
0-14 Ap Dark yellowish brown (10YR 4 / 3  M); loamy sand; single grain; sandy; p H  7.5; abrupt boundary to 
14-60 B2w Brownish yellow (10YR 6 / 6  M); clayey sand; single grain; sandy; p H  6.0; diffuse boundary to 
60-100 C Brownish yellow (10YR 6 / 8  M); clayey sand; single grain; sandy; p H  6.5. 
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Scaddan series 
Solonetzic, yellow, sodic, alkaline duplex soil. 
Map units: Sla-Sle 
This soil is a light-surface textured duplex soil, with alkaline and sodic 
subsoils, which is found over a wide range of landscapes on the Scaddan 
land system. The typical profile has an A horizon which may be a sand 
to a sandy loam and is normally quite shallow (5-30 cm), with a slightly 
acidic to neutral pH. There is a sharp texture change to the B horizon of 
sandy clay. 
The clay B horizon has a strong columnar structure with the bleached 
A2 horizon extending between the columns. The top of the columns are 
often slightly cemented and stained dark brown. The subsoil is usually 
yellow-brown, although occasionally it is a red or grey and is sometimes 
mottled. Carbonate is always present at depths of 40-60 cm, either as 
nodules or in the fine earth with the carbonate nodules occurring as a 
layer in the clay. This soil has a strong alkaline soil reaction trend with 
a deep subsoil p H  of 9.5 (Photograph 31 on page 127). 
Australian classification: Calcic, Hypernatric, Grey, Sodosol 
Dominant PPF: Dy4.43 
Great Soil Group: SoIodized Solonetz 
Area: 39,460 ha 
T a b l e  A.1.17 S c a d d a n  ser ies ,  S c a d d a n  l a n d  s y s t e m  s o i l  p r o f i l e  descr ipt ion  ( m a p  u n i t s  Sla-Sle) 
D e p t h  (cm) H o r i z o n  Description 
0-3 A l  D a r k  b r o w n  (10YR 4 / 3  M) ,  p a l e  b r o w n  (10YR 6 / 3  D);  l o a m y  f ine  s a n d ;  s i n g l e  g ra in ;  s a n d y ;  p H  6.0; abrupt 
b o u n d a r y  to 
3-21 
(tonguing) 
A2e L i g h t  b r o w n i s h  g r e y  (2.5Y 6 / 2  1\4); l i g h t  g r e y  (10YR 7 / 2  D);  f i ne  s a n d ;  s i n g l e  g ra in ;  s a n d y ;  p H  6.5; abrupt 
b o u n d a r y  to 
8-21 B21t  L i g h t  y e l l o w i s h  b r o w n  (2.51 6 / 4  M ) ;  s a n d y  clay; s t r o n g  c o l u m n a r  s t r u c t u r e ,  100-200 m m  p a r t i n g  t o  strong 
( t o n g u i n g )  s u b a n g u l a r  b l o c k y  s t r u c t u r e ,  10-20 m m ,  s m o o t h ;  n o n - c a l c a r e o u s  p H  7.5; c l ea r  b o u n d a r y  to 
21-49 B22tk  P a l e  y e l l o w  (5Y 7 / 3  M);  s a n d y  clay; w e a k  s u b a n g u l a r  b l o c k y  s t ruc tu re ,  10-20 m m ;  s m o o t h ;  moderately 
ca lcareous ;  p H  9.0; a b r u p t  b o u n d a r y  to 
49-70 B 2 3 t k  P a l e  y e l l o w  (5Y 7 / 3  M);  s a n d y  clay; m a s s i v e ;  10-20%, n o d u l a r  ca lca reous  s e g r e g a t i o n s ,  20-60 m m ;  10-20% 
sof t  c a l ca reous  s eg rega t ions ,  20-60 r a m  h i g h l y  ca lcareous ;  p H  9.0. 
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Tooregullup series 
Shallow, calcareous uniform sand overlying calcrete 
Map unit: 13 
This soil is found on the older, relict, lithified, calcareous dune forma- 
tions of the Tooregullup land system. It consists of a thin veneer of 
calcareous sand less than 30 cm deep which contains many large carbon- 
ate nodules and overlies a weakly cemented calcrete pan. The profile is 
calcareous and alkaline throughout. In places on these lithified dune 
formations the soil has been leached of all carbonate material and a 
podzol is developing. 
Australian classification: Petro-calcic, Leptic, Rudosol 
Dominant PPF: Uc1.11 
Great Soil Group: No suitable group 
Area: 402 ha 
Table A.1.18 Tooregullup series, Tooregullup land system soil profile description (map uni t  T3) 
Depth (cm) Horizon Description 
0-12 Al Very dark greyish brown (1OYR 3 / 2  M); loamy sand; single grain; sandy; 10-20%, angular, calcareous 
segregations, 60-200 mm; slightly calcareous; p H  8.0; abrupt boundary to 
12-26 Ck Brown (10YR 5 / 3  M); loamy sand; single grain; 20-50%, calcareous segregations; slightly calcareous, 60- 
200 mm; p H  8.0; sharp boundary to 
26-100 Clan Weakly cemented, massive, continuous, calcrete pan; p H  9.0. 
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Yadina series 
Uniform sand with a humic-iron pan 
Map unit: G6 
This map unit represents the undulating sand sheets deposited on the 
level plains between the sand dunes of the Gore land system. The unit 
appears to have developed through periods of wind  erosion of adjacent 
coastal dunes, leading to successive phases of profile burial on what 
may have been inter-dunal swales. This soil has a characteristic hum- 
mocky microrelief on the land surface, several distinct layers of very 
dark organic stained A l  horizons and a humic-iron pan  at a depth of 60- 
90 cm (Photograph 32 on page 127). Sometimes the soil can be a deep 
sand over a mottled grey clay. The sandy to loamy topsoil is slightly 
acidic and the p H  remains neutral throughout the profile. 
Australian classification: Humosesquic, Semiaquic, Podosol 
Dominant PPF: Uc2.21 
Great Soil Group: Podzol 
Area: 1380 ha 
Table A.1.19 Yadina series, Gore land system soil profile description (map unit G6) 
Depth (cm) Horizon Description 
0-12 A l  Dark grey (10YR 3/1), loamy sand; single grain, sandy; p H  6.0, abrupt boundary to 
12-30 A2 Brown sand (10YR 5 / 3  M, 10YR 6 / 2  D); fine sand; single grain; sandy; p H  6.5; clear boundary to 
30-60 B1 Light yellowish brown (10YR 6 / 4  M, 10YR 6 / 3  D); fine sand; single grain; sandy; p H  7.0; abrupt boundary 
to 
60-85 Bhs Dark reddish brown (5YR 2.5/2) to a very dark brown (7.5YR 2/2); weakly cemented; thin humic-iron pan 
discontinuous, massive; p H  5.5; clear boundary to 
85-100 B3 Very pale brown (10YR 7/3); loamy fine sand; single grain; sandy; p H  7.0; sharp boundary to 
100+ 2C Pale brown (10YR 6/3); sandy clay; massive; sandy; 20-50%, distinct gleyed mottles, 15-30 mm. 
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Young series 
Association of yellow duplex soils 
Map unit: Y1 
The soils of these valley slopes are made u p  of a complex association 
of several soils and are characterised b y  depth to bedrock, type of bed- 
rock and topographic position. The dominant soil is a duplex soil with 
a yellow grey subsoil which has formed over the weathered granitic 
rock. There are regular outcrops of granitic rock throughout this map 
unit which has an  associated shallow red-brown, stony, skeletal soil. In 
places where the Eocene sediments remain, a duplex soil with a hard- 
setting surface and a dark coloured subsoil has developed. In places, a 
deep colluvial loamy sand has been deposited on the footslopes of the 
river valleys. 
The dominant duplex soil has a shallow sandy A horizon which overlies 
a moderately to strongly structured clayey subsoil. Ferruginous gravels 
can sometimes be present in  the conspicuously bleached A2 horizon 
(Photograph 33 on page 127). 
Australian classification: Basic, Mesonatric, Yellow, Sodosol 
Dominant PPF: Dy4.42 
Great Soil Group: Intergrades to SoIodic Soils 
Area: 8443 ha 
Table A.1.20 Young series, Young land system soil profile description (map uni t  Y1) 
Depth (cm) Horizon Description 
0-12 A p  Very dark grey (10YR 3 / 1  M); loamy sand; single grain; sandy; loose (moist); p H  6.0; abrupt to 
12-22 A2ec Very pale brown (10YR 7 / 4  M), very pale brown (10YR 8 / 3  D); clayey sand; single grain; loose (moist); 
20-50%, ferruginous segregadons; p H  6.0; sharp to 
15-85 B21t Brownish yellow (10YR 6 / 6  M); medium day; moderate, subangular blocky structure, 2-5 ram; smooth; 2- 
10%, medium, distinct, brown mottles; moderately firm (moderately moist); p H  7.0; gradual to 
85-110 B22t Yellowish brown (10YR 5 / 6  1V1); coarse sandy clay; weak, subangular blocky structure, 2-5 min; smooth; 
moderately weak (moderately moist); p H  7.5. 
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Physical and  chemical data for representative profiles 
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Analytical methodology The exchanged cations were  sorption spectroscopy with in-line 
measured by ICPAES. neutralisation of the bicarbonate 
Analytical data are reported on extract (Jeffery 1982). 
an  air dry, less than 2 m m  basis. 
NH4C1 (8.5) 
The exchanged cations were  
Org C (W/B) - Organic 
Particle size a n a l y s i s c a r b o n ,  Walkley and Black measured b y  atomic absorption 
method The method used was adapted spectroscopy using strontium as an 
from Loveday (1974) and used a ionisation suppressant and releas- U p  to  1 g soil, g round  to < 
p l u m m e t  (Marshal l  1956) sus-  ing agent. 0.15 mm, was oxidised with chro- 
pended below an  electronic b a l a n c e . T h e  cation exchange capacity mic acid using a heat of dilution 
Fi f ty-gram sample s  w e r e  n o t  was then determined by displacing method (Walkley and Black 1934) pretreated to remove organic m a t - w i t h  sucrose as the standard sub- the ammonium ion with a solution ter or  CaCO3. They were dispersed containing 0.25 M calcium nitrate stance. Chromic ion was measured 
in  water  containing 1 g sodium and 1.5 M potassium nitrate. The spectrophotometrically and used to 
h e x a m e t a p h o s p h a t e  a n d  0 . 2 g  d isp laced  a m m o n i u m  i o n  was calculate the organic carbon content NaOH by overnight rolling at 1 0 m e a s u r e d  b y  formol titration. Cor- of soil using Metson's factor of 43% 
rpm. The slurry was transferred t o r e c t i o n  was  made  for entrained (carbon in sucrose). The Walkley sedimentation cylinders and m a d e N H 4 C 1  by determining chloride b y  and Black method generally recov- 
u p  to 1250 mL. The density of the titration with silver nitrate. ers at least 90% of the organic car- 
suspension, measured at a depth bon in Western Australian soils. 
a n d  time determined b y  Stokes The cations for the Scaddan, 
Law, was used to calculate the con- Beete and Kumarl soils (Appendix Boron 
(B) 
centrations of silt and clay. 2b), w e r e  extracted w i t h  1 M Boron was extracted in boiling NH4C1 solution at p H  7.0. Calcium 
The > 0.075 m m  sand portion 0.01 M CaC12. 
Another method 
was separated by wet sieving the ably in those soils that contained 
used o n  earlier samples included was not 
able to be measured reli- 
the extraction of boron in 0.04 M contents of the sedimentation cyl- free calcium carbonate, therefore 
inder, dried, then dry sieved on a measures of calcium are not avail- 
marmito1/0'01 M CaC12. 
set of seven sieves and the percent- able for some of the depths of the EC (1:5) - Electrical conduc- age of each fraction calculated. The Scaddan, Beete and Kumarl soils. tivity (1:5) at 25°C 
percentage of 0.05-0.075 m m  fine 
sand was calculated by subtracting CaCO3 - Calcium carbonate EC was measured on the pH 
the sum of clay + silt + other sand in soil, direct neutralisation (H2O) extract before p H  measure- 
fractions from 100%. ment using an  instrument with in- Soil (5 g) was treated with 100 built temperature compensation set 
Cation exchange capacity (CEC) mL of 1 M HC1. An  aliquot of the at 2.1% per degree Celsius. solution was titrated to p H  7.0 with The method used was based on standardised NaOH solution and p H  (H2O) - p H  (1:5) in water the following: the CaCO3 concentration calculated 
Soil p H  (H2O) Method for cation from the HC1 consumed (Piper Soil p H  in  water was measured 
analysis 1950). at 25°C with a combined glass! calomel electrode on a suspension < 6 . 5  BaC12 N (total) - Nitrogen, total of 7 g soil and 35 mL water after 6 . 5 - 8  NH4C1 (7.0) shaking for one hour. Total nitrogen was determined > 8.0 NH4C1 (8.5) on soil ground to less than 0.15 m m  p H  (CaCl2) - p H  (1:5) in 0.01 
Soils with soluble salts (EC > 20 b y  Kjeldahl digestion with copper M CaCl2 
m S / m )  were prewashed with 10% as t he  catalyst.  The ammonia 
ethylene glycol (ethanediol) i n  fo rmed  w a s  m e a s u r e d  b y  the  
Soil p H  was measured following 
the addition of 0.35 mL of 1 M ethanol. Soils with EC > 100 mS / m  salicylate-chlorine reaction CaCl2 to the above soil:water sus- were given two or more prewashes. (Reardon, Foreman a n d  Searcy 
1966) pension with further shaking for BaC12 cations one hour. 
P (HCO3) - Phosphorus Exchangeable cations. Soil was 
ex t rac ted  for  16 h o u r s  w i t h  extracted in 0.5 M NaHCO3 
unbuffered 0.1 M BaC12 using a Soil (1 g) was shaken for 16 hours soil:solution ratio of 1:20. Cations at 23° Celsius with 100 mL of 0.5 M 
were measured by ICPAES. NaHCO3 at p H  8.5 (Colwell 1963). 
Phosphate was determined by au- Cation exchange capacity and tomated colorimetry (Murphy and 
exchangeable cations in ammo- Riley 1962). 
nium chloride K (HCO3) - Potassium ex- 
The methods used were based on tracted in 0.5 M NaHCO3 
Tucker (1974), incorporating a cen- Potassium was determined on trifuging technique. the 1:100 extract used for the analy- 
NH4C1 (7.0) sis of phosphorus using atomic ab- 
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Legend to the mapping units G2 Yellow, mottled duplex soil 
(Dy5.83). 
Appendix 3. Arranged physiographically 
(a) Level plain. Slopes < 1% 
Units on the Low Coastal 
and relief < 4 m; imper- 
Plains 
fectly drained. 
(b) Gently undulating plain. 
Tooregullup land system Slopes 1-2%; relief < 9  m. Imperfectly drained. 
Coasta l  s a n d  d u n e s '  G3 Deep uniform sand (Uc2.21) Unconsolidated aeolian, Holocene with a yellow B horizon. parabolic sand dunes and associ- 
a t ed  swales  w i t h  r e m n a n t  (a) Level plain. Slopes < 1%, 
Pleistocene dune formations with a re l ief  < 4 m,  well 
lithified calcrete core. Large blow- drained. 
outs are present. Soils are deep, 
calcareous sands on the parabolic (b) Gently undulating plain. 
dunes and swales and shallow, cal- Slopes 1-2% and relief < 
careous sands overlying calcrete on 9 m; well drained. 
the lithified dunes. (c) Long i tud ina l  sand 
T i  Calcareous un i fo rm sands  dunes, generally with an 
(Uc1.11) on parabolic sand east-west trend. Slopes 
dunes. Slopes 20-30% and re- 2-6%; relief 3-6 m; rap- 
lief 10-20 m; rapidly drained, idly drained. The base of dune is often moist. 
T2 Calcareous un i fo rm sands 
(Uc1.11) a n d  sandy  b a r n s  (d) Lunettes, occurring on 
the leeward side of the (Urn4.21) on open swales 
These soils can often be peaty 
shallow lakes. The soil 
with a rich organic topsoil, profile often lacks a dis- 
Slopes 0-2%, relief < 4 m; well tinctive coloured B 
hori- 
drained. zon  a n d  appears as a 
deep white sand. Slopes 
T3 Shallow calcareous sand over- 2-6%; relief 3-6 m; rap- 
lying calcrete (Uc1.11). Occurs idly drained. 
o n  lithified dunes. Slopes 10- G4 Yellow-brown to red-brown 20% and relief 5-10 m, well mottled duplex soil with dis- drained. 
tinctive columnar structure 
T4 Calcareous sands and sandy (Dy4.43). Calcareous nodules 
barns,  unvegetated, mobile, often found at depth. Depth 
Occur on deflation plains of of sand to clay varies from 10- 
b lowouts  wi th in  parabolic 25 cm. 
dunes. Rapidly drained. (a) Level plains within de- 
pressions. Slopes < Gore land system and relief < 4 m; imper- 
fectly drained. Discontinuous level to gently un- 
dulat ing poorly drained coastal G5 Poorly drained, often saline, 
plain with extensive networks of duplex soils (Dy4.13) with 
subdued sand dunes and numer- clay subsoils at relatively shal- 
ous lake systems and swamps, de- low depths. Occurs on season- r i v e d  f r o m  unconso l ida ted ,  ally wet flats. Slopes < 1%; Pleistocene alluvial and colluvial relief < 3 m. sediments, aeolian sand sheets and 
dunes. The soils are yellow, mot- G6 Undulating sand sheets be- 
t ied duplex,  columnar,  yellow- t w e e n  l ong i tud ina l  sand 
brown duplex soils and uniform dunes wi th  uniform sandy 
sands with a humic-iron pan on the soil with humic-iron pan  at 
poorly drained level to gently depths of 50-80 cm, Uc2.21. 
dulating plains with saline, gleyed Soil surface displays a char- 
duplex soils on the winter-wet flats. acterist ic  hummock 
Deep uniform siliceous sands oc- microrelief. Slopes < 2%; re- 
cur on the sand sheets and longitu- lief < 9 m; moderately well 
dinal dunes. drained. 
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Units on the Mid Level (c) Undulating plain, slopes (h) Lunettes, occurring to 
Plains 3-10%; relief < 9 m; well l e eward  of  shallow drained, lakes, salt lakes, clay 
Young land system (d) Undulating rises to low pans, slopes 2-4%; relief 
hills, slopes 3-10%; relief 2-4 m; rapidly drained. 
Well developed river valley sys- 9-50 m; well drained. E4 Yellow mottled duplex soils, tems with relief > 30 m, narrow with well defined columnar (e) Escarpment, slopes 3- stagnant alluvial plains and areas 6%; relief 10-40 m; well structure Dy5.42: of poorly drained saline soils on the drained. (a) Level plain, slopes < 1%; valley floors. The valleys are deeply relief < 4 m; imperfectly incised in  Proterozoic gneisses and (f) Minor  r ive r  valleys, 
migmat i t e s  a n d  i n  Ter t iary  slopes 3-8%; relief 5-30 drained. 
sediments. There are recent depos- in; well drained. (b) Gently undulating plain, 
its of aeolian sandy sediments and E2 Gravelly, yellow, mottled du- slopes 1-3%; relief < 9 m; 
sandy alluvium has been deposited plex soils (30-80 cm sand over 
m o d e r a t e l y  well 
on the valley floors. Soils on both gravel), Dy5.82: drained. 
the erosional and depositional sur- (e) Escarpment, shallow co- (a) Level plain, slopes < 1%; faces are relatively y o u n g  a n d  lumnar structured soils. relief < 4 m; imperfectly wealdy developed. Slopes 3-6%; relief 10-40 drained. 
Y1 Soil complex dominated b y  m; m o d e r a t e l y  well (b) Gently undulating plain, drained. yellow to red columnar du- 
plex soils Dy4.42, Dy5.42 and ' m slopes 1-3%; relief < 9 • E5 Moderately deep grey-brown well Dr4.42 on gentle to moder- 
modera t e ly  duplex soil developed over drained. ately sloping incised river siltstone Dy4.42: 
valleys; slope gradients 3- (c) Undulating plain, slopes (a) Gently undulating plain, 
12%; maximum relief > 30 m. 3-10%; relief < 9 m; well slopes 1-3%; relief < 9 m; Moderately well drained, drained, moderately well 
Y2 Deep uniform sandy  soils (d) Undulating rises to low drained. 
Uc2.21, on gentle to moder- hills, slopes 3-10%; relief (b) Minor  r i ve r  valleys. 
ately sloping incised river 9-50 m; well drained. Rocky soils, topsoil. 
valleys. Well drained. (e) Escarpment, slopes 3- Slopes 3-8%; relief 5-30 
Y3 U n i f o r m  sands  to s a n d y  6%; 10-40 m; wel l  m; m o d e r a t e l y  well 
b a r n s  on stagnant alluvial drained, drained. 
plains of very low relief (< 1 (f) Mino r  r iver  valleys,  (c) Escarpment, slopes 3- 
m); Uc5.11; well drained. slopes 3-6%; relief 5-30 6%; relief 10-40 m; mod- 
Y4 Poorly drained, saline soils on m; well drained, erately well drained. 
valley floors, with gleyed du- E3 Deep uniform sand, (>80 cm E6 Red-brown to grey-brown al- 
plex soils. Dg4.82. deep), with a yellow B2 hori- luvial sands; well drained; on 
zon. Uc2.21: alluvial plains of minor river Esperance land system valleys Um5.51. (a) Level plain, slopes < 1%; 
Level to gently undulating plain relief  < 4 m; wel l  E7a Gilgai soil association. Grey 
with areas of undulating rises to drained, cracking clays, alkaline sub- 
low hills, incised by river valleys (b) Gently undulating plain, soil; imperfectly drained. 
and with a low escarpment that slopes 1-3%; relief < 9 m; Eg Granite domes with skeletal defines the southern boundary. The well drained, sandy soils in  protected areas 
soils are gravelly, yellow, mottled and on foot slope. Rapidly ti (c) Undula ng plain, slopes duplex soils; columnar yellow mot- drained. 3-10%; relief < 9 m; well tled duplex soils; and a grey brown drained. duplex soil developed in Tertiary 
sediments and deep uniform sands (d) Undulating low rises to Units on the high level 
on the sand sheets and longitudi- low hills, slopes 3-10%; inland plains 
nab dunes from Pleistocene aeolian relief  10-50 m; well 
sediments. drained. Scaddan land system 
E l  Gravelly, yellow, mottled du- (e) Escarpment, slope 3-6%; Level to gently undulating plain plex soils (<30 cm sand over rel ief  10-40 m; well with numerous clay pans and salt gravel), Dy5.82: drained, lakes and some small areas of un- 
(a) Level plain, slopes < 1%; (f) Mino r  r iver  valleys,  dulating rises. The geology corn- 
relief < 4 m; imperfectly slope 3-8%; relief 5-30 m; pr ises  Proterozoic  granites, 
drained, well drained. gneisses, and migmatites overlain 
(b) Gently undulating plain, (g) Long i tud ina l  s a n d  by Tertiary sediments, with occa- 
slopes 1-3%; relief < 9 m; dunes, slopes 2-6%; re- sional  depos i t s  of  Pleistocene 
m o d e r a t e l y  wel l  lief 3-5 m; r a p i d l y  aeolian sand sheets. Soils are sodic 
drained, drained, and alkaline with columnar, yellow 
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and yellow duplex soils, grey and (d) Gently undulating plain, plus grey calcareous grada- 
red, alkaline gradational soils and slopes 1-3%; relief < 9 m; t iona l  soil; w i t h  crabhole 
deep  un i fo rm sands  a n d  deep  with crabhole gilgai; im- gilgai microrelief in  some ar- 
brown sands. perfectly drained. eas). 
Si Duplex soils, Dy4.43: colum- Soil association; S4 and S3. Gilgai (a) Level plain 52a and 53a 
nar, yellow, sodic, alkaline: microrelief wi th  S3 soils on the slopes < 1%; relief < 4 
(a) Level plain, slopes < 1%; mound of the gilgai and a non-cal- m;  m o d e r a t e l y  well 
< 4 m; imperfect ly  careous seasonally cracking uni- drained to imperfectly 
drained, form clay (Ug). Where gilgai are drained. 
(b) Gently undulating plain, widely spaced, S i  soils .may be  (b) Level plain with some present between the gilgai. slopes 1-3%; relief < 9 m; gilgai microrelief. S2a 
modera t e ly  wel l  S5 Deep uniform sands (> 80 a n d  S3a. Slopes < 1%; 
drained. cm), often with yellow B2 ho- relief < 4 m; moderately 
(c) Undulating low rises to rizons Uc2.21: well drained to imper- 
low hills, slopes 3-10%; (a) Level plain, slopes < 1%; fectly drained. 
relief 10-50 m; moder- rel ief  < 4 m; wel l  (c) Gently undulating plain. 
ately well drained. drained. S2b and S3b. Slopes 1- 
(d) Minor  r iver  valleys,  (b) Gently undulating plain, 3%; relief < 9 m; moder- 
slopes 3-8%; relief 5-30 slopes 1-3%; relief < 9 m; 
ately well drained. 
m; modera t e ly  wel l  well drained. (d) Gently undulating plain 
drained. w i t h  some  gilgai (c) Long i tud ina l  sand 
(e) Gently undulating plain dunes, slopes 2-6%; re- microrelief. S2b and S4b. between the clusters of lief 3-5 m; r a p i d l y  Slopes 
1-3%; relief < 9 m; 
salt lakes. Calcareous drained, moderately well drained 
coarse fragments at 30- to imperfectly drained. 
40 cm; moderately well S6 
Siliceous, b r o w n  uniform 
U12 1c . : 
S9 Soil complexes Si and S2. (Al- 
drained. Essentially the s a n d ; k a l i n e  yellow duplex soil with 
same as S1(b) except (a) Level plain, slopes < 1%; columnar structure plus alka- 
profiles are shallower. rel ief  < 4 m; wel l  line solodic, yellow, duplex 
S2 Yellow Sodic Alkaline, duplex drained, soil wi th  sandy clay subsoil.) 
soils Dy4.83: (b) Gently undulating plain, (a) Gently undulating plain. 
(a) Level plain, slopes < 1%; slopes 1-3%; relief < 9 m; Sib and S2b. Slopes 1- 
relief < 4 m; imperfectly well drained. 3%; relief < 9 m; moder- drained. S7 Soil complexes 51 and S4. (Al- ately well drained. 
(b) Gently undulating plain, kaline yellow duplex soil with 
slopes 1-3%; relief < 9 m; columnar structure plus red 
modera t e ly  wel l  gradational soil with crabhole Poorly, drained, often sa- 
drained. gilgai microrelief in some ar- line, depressions, swamps 
S3 Grey sodic calcareous grada- eas.) and drainage lines 
tional soils Gc1.12: (a) Level plain. S1a and S4a. 
(a) Level plain, slopes < 1%; Slopes < 1%; relief < 4 
Cd Winter wet, water logged de- 
relief < 4 m; moderately m; modera t e ly  wel l  
pressions; shallow undefined 
well drained, drained to imperfectly depressions in the landscape. 
(b) Gently undulating plain, drained. 
Soils are similar to those sur- 
rounding this unit. 
slopes 1-3%; relief < 9 m; (b) Level plain with some 
modera t e ly  wel l  gilgai microrelief. S1a Cp Pape rba rk  swamps:  unde- 
drained. and S4b. Slopes < 1%; fined depressions in the land- 
S4 Red, sodic alkaline grada- relief < 4 m; imperfectly scape w i t h  saltwater 
tional soil Gc1.22, often dis- drained. p a p e r b a r k  (Melaleuca 
p lay ing  crabhole gilgai  (c) Gently undulating plain. cuticularis) as the dominant 
microrelief: Sib and S4a. Slopes 1- vegetation. 
(a) Level plain, slopes < 1%; 3%; relief < 9 m; moder- Cs Salt lakes: well defined shal- 
relief < 4 m; imperfectly ately well drained, low depressions in  the land- 
drained. (d) Gently undulating plain scape, seasonally filled with 
(b) Level plain, slopes <1%; w i t h  some gilgai  saline water. 
rel ief  < 4 m; w i t h  microrelief. Sib and S4b. Cy Yate swamps; shallow unde- 
crabhole gilgai; imper- Slopes 1-3%; relief < 9 m; fined depressions in the land- 
fectly drained, moderately well drained scape wi th  flat topped yate 
(c) Gently undulating plain; to imperfectly drained. (Eucalyptus occidentalis) as 
slopes 3-8%; relief 10-30 S8 Soil complexes, S2 and S3. (Al- dominant vegetation, usually 
m; modera t e ly  wel l  kaline solodic yellow duplex associated wi th  red/yellow 
drained, soil with sandy clay subsoils shallow columnar clay. 
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R Rock outcrops (granite). 
sd Saline drainage lines; identi- 
f ied  b y  e p h e m e r a l  water 
courses, salt scalds and bar- 
ley grass. 
Salt-affected land; identified 
visually b y  salt scalds, barley 
grass  a n d  p o o r  pasture 
growth. 
Prepared b y  the Department of 
Agriculture, Western Australia; 
T.D. Overheu, P.G. Muller and S.T. 
Gee; Division of Resource Manage- 
ment. 
Projection: Universal  Trans- 
verse Mercator 
Grid: AMG Zone 51 
Date: September 1990 
Source data: Based on field sur 
vey, aerial photo- 
graph interpreta- 
tion. 
Aerial 
photography: W A  1144 1:40,000 
January-February 
(1969). 
Digital cadastre base; supplied by 
the Department of Land Admin- 
istration as an  Intergraph design 
file. 
Cadastral scale 1:50,000. 
Generated 1988. 
Published Scale 1:50,000. 
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Table A.4.1 Rainfall (j) 
Land quality values during harvest for crops is consid- 
ered a limitation under climatic haz- A p p e n d i x  4. Rainfall (j) ards. Consequently, rainfall is essen- 
tially a positive production factor, Mean annual rainfall is regarded wi th  the higher  the  rainfall the 
as a land quality and was used in greater the potential growth. (Table preference to the growing season A.4.1) rainfall because of the inclusion of 
perennials, lucerne, Tagasaste and In the following tables each land 
Monterey pines (Pinus radiata) in quality has from three to six val- 
Value (j) Mean annual rainfall the land use types. The rainfall ues. The values are coded (in brack- (ram) 
zones equate closely wi th  those ets), and those coded with an aster- 
used by Fisher (1986). In this study, isk (*) are generally more favour- 
Very high ( v u )  > 600 excessive ra infal l  r esu l t ing  i n  able for plant growth. These coded 
High (H) 600-450 waterlogging is considered a limi- values are used in  the factor rating 
Medium (M) 450-325 t a t i on  u n d e r  t h e  l a n d  qua l i ty  tables in Appendix 6 to simplify the 
Low (L) 325-250 waterlogging and not rainfall cat- tables. 
egory.  Likewise,  rainfall 
Waterlogging (i) 1984). When rating the units, the 
increased  l ike l ihood of 
The waterlogging land quality waterlogging in  zones of higher refers to site and internal soil drain- rainfall was  taken into account. 
age. The definitions are from the (Table A.4.2) 
Australian Soil and Land Survey 
Field handbook (McDonald et al. 
Table A.4.2 Waterlogging (i) 
Value (i) Internal drainage - waterlogging 
Poorly drained (PD) 
Imperfectly drained (ID) 
Moderately well drained (MVVD) 
Well drained (WD) 
Rapidly drained (RD) 
Water is removed very slowly in  relation to supply. All horizons remain we t  for several months. 
Water is removed only slowly in  relation to supply. Some horizons may  be  mottled and have orange 
or rusty linings of root channels, and are wet  for several weeks. 
Water is removed from the soil somewhat slowly in relation to supply, because of low permeability, 
shallow water table, lack of gradient, or some combination of these. Some horizons may  remain wet  for 
as long as one week after the addition of water. 
Water is removed from the soil readily bu t  not  rapidly. Some horizons m a y  remain wet  for several days 
after the addition of water. 
Water is removed from the soil rapidly in relation to supply. No  horizon is wet  for more than several 
hours after the addition of water. 
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Moisture availability (m) low rooted plants and are able to 
extract more water from the pro- Moisture availability refers to the file. This has been taken into ac- water-holding capacity of soil pro- count in the respective factor rat- files, that is, the amount of water ing tables for the different land use held within the root zone between types. Moisture availability in this field capacity and wilting point for context is relatively independent of plants. On certain soils deep rooted rainfall. (Table A.4.3) 
plants have an advantage over shal- 
Table A.4.3 Moisture availability (m) 
Value (m) Moisture availability 
High* (H) 
Moderately high (MH) 
Moderate (M) 
Low (L) 
Good water-holding capacity. Generally medium to heavy textures throughout the profile. 
Average water-holding capacity. Generally duplex soils, with clay within about 30 cm of the surface. 
Poor water-holding capacity. Generally duplex soils with a sandy A horizon (30-80 cm) overlying gravel or 
clay. 
Very poor water-holding capacity. Generally deep sands with a reasonable clay content (>5%) or leached deep 
sands with the subsoil beyond the root zone (< l A  m). 
Nutrient availability (n) nutr ients  i n  forms available to 
plants. Soils with a low exchange Nutrient availability of soils is capacity which are readily leached dependent upon two factors. The and soils with high fixing capaci- first is the natural fertility level of ties are naturally low in available the soil and the second is the abil- nutrients. (Table A.4.4) ity of the soil to retain applied 
Table A.4.4 Nutrient availability (n) 
Value (n) Nutrient availability 
High (H) 
Moderately high (MH) 
Moderate (M) 
Low (L) 
High intrinsic fertility. Only infrequent applications of fertilizer are required. 
Soils may have a deficiency in  one or more nutrients before clearing, bu t  deficiency is easily corrected with 
appropriate fertilizers. Thereafter, phosphate is normally the only fertilizer applied. 
Soils with a low exchange capacity i n  the surface soil, although the subsoil is well within the root zone of all 
pasture and crop species. Consequently, applied fertilizers may be  leached out of the topsoil, although not 
beyond the root zone. 
Soils with a low exchange capacity in  the A horizon and the subsoil just within reach of the deeper rooted 
plants. Consequently, applied fertilizers are leached below the root zone of shallow rooted plants. 
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Rooting conditions (r) depth to a limiting horizon, which 
m a y  b e  rock, cemented  gravel Effective soil depth and the ease layer, hardpan or dense clay sub- of root penetration enable plants to soil. (Table A.4.5) 
develop adequate root systems. The 
effective soil depth refers to the 
Table A.4.5 Rooting conditions (r) 
Value (r) Rooting conditions 
Very good* (VG) 
Good (G) 
Moderate (M) 
Poor (P) 
The rooting conditions do not  limit the root development of any agricultural or tree species. 
The rooting conditions limit the growth and development of deep rooted agricultural plants, and the 
growth of some tree species may be hindered. 
The rooting conditions limit the growth and development of agricultural plants with deep or moderately deep 
root systems and severely limit the root development of some tree species. 
The rooting conditions limit the growth and development of most annual and perennial agricultural species. 
Flooding hazard (f) ter tables and  which normally lasts 
longer than flooding. Flooding may Flooding is a temporary condi- also involve physical damage with 
tion caused b y  excessive run-off crops damaged or flattened. (Table following heavy rainfall, or from A.4.6) 
wate r logging ,  w h i c h  includes 
ponded water because of high wa- 
Table A.4.6 Flooding hazard (f) 
Value (f) Flooding hazard 
High (H) 
Moderate (M) 
Moderately low (ML) 
Low" (L) 
High flood hazard. Frequency (one flood in  one year to one flood in three years) and severity result in 
substantial production losses. Cropping is a high-risk enterprise. 
Moderate flood hazard. Floods occur regularly (one flood in  one year to one flood in  five years) with minor to 
moderate production losses; or floods occur occasionally with substantial production losses. 
Low flood hazard. Floods occur occasionally (one in  five to one in  20 years) wi th  only minor production 
losses. 
Negligible flood hazard. 
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Climatic hazard (c) damage because of h igh winds, 
high intensity rainfall, hail or a Climatic hazard refers to all the combination of these. The damage 
adverse effects of the climate, apart b y  frost on cereal crops is greatly from low rainfall. It includes .frost dependent upon their timing, with and storm damage, and the hkeh- the most critical period being flow- hood of rain during the harvest. ering. (Table A.4.7) 
Storm hazard is the likelihood of 
Table A.4.7 Climatic hazard (c) 
Value (c) Climatic hazard 
Low" (L) 
Moderate (M) 
Moderately high (MH) 
High (H) 
Significant rainfall during November-December is not a problem in  most years. Frequency of frosts at 
flowering is low. 
Significant rainfall during November-December disrupts harvesting and reduces grain quality in  most years. 
Frosts at flowering reduce grain yield in  some years. 
The amount of rainfall in  November-December greatly disrupts harvesting and reduces grain quality, resulting 
in  cropping being a high risk enterprise in most years. Frost at flowering substantially reduces grain yield in 
most years. 
Does not occur in study area. 
Soil workability (k) texture, organic matter, moisture, 
Soil workability is the ease with 
consistency, structure and gravel 
which the soil can be cultivated or 
content of the surface layer. 
tilled b y  any mechanical imple- Generally, sandy soils are easier 
ment. The workability of a soil to work than clayey soils and well 
depends on a number of interre- structured soils better than massive 
lated soil characteristics such as soils. (Table A.4.8) 
Table A.4.8 Soil workability (k) 
Value (k) Soil workability 
High* (H) Soil factors rarely restrict cultivation. The soil can be worked over a wide moisture range and can normally be 
worked within 72 hours of a significant rainfall event. 
Moderate (M) Soil factors only restrict cultivation in  some years. In above average rainfall years the soil may be too wet  to 
cultivate for u p  to several weeks. 
Moderately low (ML) Soil factors restrict cultivation in most years. The soil can only be worked over a narrow moisture range, or is 
too wet for several months. 
Low (L) Soil factors restrict cultivation in  most years. The soil has general physical features which restrict cultivation 
such as shallow rock, waterlogging etc. 
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Table A.4.9 Salinity (y) 
Salinity (y) The assessment of salinity has 
been derived from the existing level 
A soil is referred to as being of soluble salt within the soil. (Ta- 
saline when it contains a high con- ble A.4.9) 
centration of soluble salts which 
can substantially limit germination 
and / or destroy plant growth. Sa- 
linity affects plant growth through 
inhibiting the uptake of water by 
osmosis. 
Value (y) Salinity 
Non-saline" (NS) 
Moderately saline (S) 
Highly saline (HS) 
Salinity levels are low (<200 mS/m)  and do not affect plant growth. 
Salinity levels result in poor crop growth and pastures are dominated by barley grass; clover is usually absent 
(200-600 mS/m). 
Land is so saline that the surface is predominantly bare (> 600 mS/m). 
Potential f o r  mechanisation (x) cultivation b y  any kind of imple- 
ments .  The condi t ions  of  land Potential for mechanisation re- which hinder mechanisation are; fers to features of the land which surface rocks, stoniness or extreme directly help or hinder mechanised shallowness of the soil, excessive 
agricultural operations. This land slope and /o r  gilgai microrelief. (Ta- 
quality is distinct from soil work- ble A.4.10) 
ability, which refers to the ease of 
Table A.4.10 Potential for mechanization (x) 
Value (x) Potential for mechanization 
High *(H) 
Moderately high (MH) 
Moderate (M) 
Low (L) 
Nil to minor hindrance to cultivation because of landform or surface rock. 
Surface rocks, gilgai microrelief or slope are a moderate hindrance to cultivation. 
Surface rocks, gilgai microrelief or slope (10-15%) severely hinder cultivation. 
Surface rocks, gilgai microrelief or slopes > 15% prevent cultivation. 
Structural decline hazard (u) a hard-setting surface, decrease in 
pedality or the development of Decline in soil structure for this a hardpan. (Table A.4.11) study is considered to consist of 
surface slaking, development of 
Table A.4.11 Structural decline hazard (u) 
Value (u) Structural decline hazard 
High (H) Soil structure adversely affected under  continued cultivation, resulting in  substantial yield penalties. This 
situation is not easily reversed. 
Moderately high (MH) Soil structure adversely affected under continued cultivation resulting in  moderate yield loss. This situation 
can be reversed under  economic constraints. 
Moderate (M) Soil structure adversely affected under  continued cultivation, resulting in  some yield loss. For example; 
development of hardpan o n  sandplain soils. This situation can be economically reversed. 
"Low (L) Soil structure suffering nil to minor degradation under continued cultivation. For example; development of 
a hardpan on shallow sandplain soils. Any yield losses are small and would not  offset costs of treatment. 
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Water erosion hazard (e) sheet, fill gully, tunnel, streambank 
and wave erosion. A simple classi- Water erosion hazard is the as- fication based on slope has been sessed likelihood of soil being de- used to assess the water erosion tached and transported by the ac- hazard. (Table A.4.12) 
tion of rainfall, run-off and seep- 
age. Types of water erosion include 
Table A.4.12 Water erosion hazard (e) 
Value (e) Water erosion hazard 
Moderately high (MH) 
Moderate (M) 
Moderately low (ML) 
*Low (L) 
Sandy duplex soils on slopes > 10%. Medium and heavy textured soils on slopes of 10-30%. 
Sandy duplex soils with slopes of 3-10%. Medium and heavy textured soils with a low rainfall acceptance on 
slopes of 3-10%. 
All soils (except for highly erodible soils with a low rainfall acceptance) on slopes of 1-3% and uniform sands 
o n  slopes of 3-10%. 
All soils on slopes < 1% and uniform sands on slopes > 3%. 
Wind erosion hazard (w) rials elsewhere. Wind erosion is 
largely a function of the wind speed Wind erosion in  this context re- a n d  dura t ion ,  soil  erodibility, 
fers to the detachment and trans- ground cover, aspect, soil moisture portation of soil from land surfaces and  nutrient availability. (Table b y  the action of the wind and not A.4.13) 
to the effect of deposition of mate- 
Table A.4.13 Wind erosion hazard (w) 
Value (w) Wind erosion hazard 
Very high (VH) 
High (H) 
Moderate-high (MH) 
Moderate (M) 
*Low (L) 
Highly erodible soil types in an exposed situation, combined with low moisture and nutrient retention, 
resulting in poor plant cover (i.e. coastal foredunes). 
Highly erodible soils with only moderate moisture and nutrient retention, resulting in moderate plant cover. 
Highly erodible soils (with loose, single grain structure, if in an  exposed situation, bu t  with the risk lessened 
by good plant growth. 
Moderately erodible soils in  an exposed situation, but  the soils will normally form a surface crust which 
resists erosion unless broken down by trampling by livestock. 
Soils which are only liable to erosion when cultivated at low moisture contents, but  otherwise they will either 
form a crust or have a hard-setting surface. 
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rat clover (Trifolium sub terraneum) or 
burr  medic (Medicago polycarpa) is 
A p p e n d i x  6. Factor rating tables for land dominant and which may or may 
uses not have a significant component 
An  important feature of factor of annual grasses, especially annual 
rating is that each land quality is ryegrass (Lolium rigidum). 
assessed independently for each 
land use. For example, saline or Annual clover grows well over 
highly saline conditions are rated a range of soils from sands, gray- 
as Class V (unsuitable) for all the elly sands and shallow duplex soils, 
land uses considered in this study. provided that the soil p H  is 5.5-7.5 
Conversely, non-saline conditions (measured in  water). Rainfall is an 
are rated as Class I, for that land important quality, with most an- 
quality only. Other tables must  be nual clover cultivars preferring the 
consulted to determine whether higher rainfall areas closer to the 
there are other land qualities which coast or areas with an average an- 
may prove limiting. nual rainfall above 300 mm. 
Not  all columns in the factor Annual medics grow well over 
rating tables are filled: the gaps a range of soils even though a par- arise from the different require- ticular variety may have a prefer- 
ments of the various land uses and ence for a particular soil type or soil denote ratings which do not apply texture (medics generally prefer an 
to the parameters identified for the alkaline soil). The soils range from 
Esperance district, sandy loams to sandy clay barns 
The factor rating tables for the with the soil p H  between 6.0 and 
land uses are matched with the 8.5 (measured in water). As for do- 
ratings for the map units to derive ver, rainfall is an important quality 
the land capability assessment as for medic varieties, 
which prefer 
given in the results. In the follow- areas of lower rainfall (<450 mm). 
ing tables, the values of the land 
qualities are shown by the codes 
Both annual pasture species will 
given in Appendix 4. tolerate most environmental condi- 
tions, to a point. Annual pastures 
Improved annual legume pastures exposed  to  p r o l o n g e d  water- logging, poor rooting conditions, 
Sown annual legume pastures wind erosion and salinity have their 
are those in which subterranean growth adversely limited. 
Table A.6.1a Factor rating for annual legume pastures (clover) 
Land quality I II 
Rainfall (i) VH,H M 
Waterlogging (i) RD,VVD,MVVD ID 
Moisture availability (lil) H,MH M 
Nutrient availability (1) H,MH M,L 
Rooting conditions (r) VG,G,M 
Flooding hazard (0 L,ML,M H 
Climatic hazard (c) L,M,MH,H 
Salinity (y) NS 
Soil workability (k) H,M,ML L 
Potential for mechanization (x) H,MH M 
Structure decline (u) L M 
Water erosion (e) L,ML,M MH 
Wind erosion (w) L M 
Classes 
PD 
P 
S 
M H  H 
M H  H VH 
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T a b l e  A.6 .1b  F a c t o r  r a t i n g  f o r  a n n u a l  l e g u m e  p a s t u r e s  (medics) 
L a n d  quality 
Classes 
III I V  V 
Ra in fa l l  (j) V F L H  M 
W a t e r l o g g i n g  (i) RD,WD,MVVD ID 
M o i s t u r e  avai labi l i ty  (In) H , M H  M,L 
N u t r i e n t  avai labi l i ty  (1) H , M H  M,L 
R o o t i n g  cond i t i ons  (r) VG,G,M 
F l o o d i n g  h a z a r d  ( 0  L , M L , M  H 
Cl ima t i c  h a z a r d  (c) L,M,MH,H 
Sal in i ty  (y)  NS 
Soil  w o r k a b i l i t y  (k)  H , M , M L  L 
P o t e n t i a l  f o r  m e c h a n i z a t i o n  (x) H , M H  M 
S t r u c t u r e  dec l ine  ( u )  L , M  MET 
W a t e r  e r o s i o n  (e) L , M L , M  MH 
W i n d  e r o s i o n  ( w )  L M 
PD 
MS,S 
MET H VH 
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Cereal cropping though soil water is readily 
available to plants, it can es- Cereal cropping o n  the south cape below the root zone with- coast of Western Australia presents ou t  efficient up take  b y  the 
a variety of management problems plant. 
arising directly from the inherent 
properties of the soils. ° Soil organic matter is low and 
readily lost with cultivation Limitations to cereal production and under w a r m  conditions, include: which leads to poor soil struc- 
6 Shallow soils, which waterlog ture and risk of wind erosion. 
occasionally, limit seed germi- Wind erosion of unprotected 
nation and cereal growth, and areas, including deep sands > also increase the risk of root 80 cm, can limit plant growth disease. b y  removing topsoil and by 
• Deficiencies in major and mi- sandblasting. 
nor nutrient elements are corn- Soils where the depth of sand 
mon  to sandy surfaced soils, ranges between 30 cm-80 cm (but The low clay content produces not the deep banksia sands), and 
a low capacity for retention of are well drained, are ideal for a most applied nutrients. lupin/cereal rotation, and are the 
• Wate r -ho ld ing  capaci ty  of  prime wheat cropping soils of the 
sandy soils is low, so that al- region. 
Table A.6.2 Factor rating for cereal cropping 
Land quality 
Classes 
II III TV V 
Rainfall (j) VH,H 
Waterlogging (i) RD,VVD MWD 
Moisture availability (m) H,MH M,L 
Nutrient availability (1) H,MH M,L 
Rooting conditions (r) VG,G 
Flooding hazard (f) L,ML 
Climatic hazard (c) L,M MH 
Salinity (y) NS 
Soil workability (k) H M,ML 
Potential for mechanization (x) H MH 
Structure decline (u) L 
Water erosion (e) L,ML 
Wind erosion (w) L m, 
ID PD 
MH 
VH 
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Lupins Three ma in  factors affect dis- 
ease control in  lupins; weed  con- 
For lupins (Lupinus angustifolius), trol, seeding dep th  a n d  rotation. 
the selection of a well drained site, Adequate w e e d  control is neces- 
adequate manganese nutrition and sary  because  the  broad-leaved 
attention to disease control are im- w e e d s  c a n  b e  a s o u r c e  of 
portant. Lupins are susceptible to sclerotinia infection a n d  lupins 
waterlogging so the selection of a compete  p o o r l y  w i t h  vigorous 
well  d ra ined  site is important .  weeds such as annual  ryegrass. 
Growing lupins on a medium to For the Esperance area, a two- 
deep sand is the safest way to mini- year cereal! lup in  rotation is rec- 
mise the likelihood of waterlogging, ommended. A three-year rotation 
and lupin root morphology is well of w h e a t  / b a r l e y  / l up ins  is an- 
adapted to exploit this soil type. o the r  o p t i o n  for  possible  eco- 
Lupins have a higher manganese nomic benefit  a n d  for reducing 
requirement than  cereals. If the the r isk of pleiochaeta root rot. 
supply of manganese is inadequate, Some other factors include seed 
there will be problems with split selection (cucumber mosaic free) 
seeds and the plants will not ma- a n d  adequa te  surface cover to 
ture evenly, prevent b r o w n  spot splash. 
Table A.6.3 Factor rating for lupins 
Classes 
Land quality IV V 
Rainfall (j) VI-LH M L 
Waterlogging (i) RD,WD MWD ID PD 
Moisture availability (111-) H,MH M,L 
Nutrient availability (1) H,MH M,L 
Rooting conditions (r) VG G M P 
Flooding hazard (f) L,ML M H 
Climatic hazard (c) L,M M H  H 
Salinity (y) NS S 
Soil workability (k) H M,ML L 
Potential for mechanization (x) H IVIFI M - L 
Structure decline (u) L M M H  H 
Water erosion (e) L,ML M MEI 
Wind erosion (w) L M,MH H VH 
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Perennial grasses before these rains, whereas peren- nial grasses could have the oppor- Perennial grasses are those n tunity to respond to them. 
which a number of varieties will 
persist all year or, at least, should Various species are available for 
be  producing growth at different Particular requirements and can be 
times of the year. They are unlike chosen to suit the length of grow- 
annual grasses which die off at the mg season and edaphic factors such 
end of the season (December, Janu- as depth, soil reaction, structure, 
ary). During summer time there is drainage, waterlogging and salin- 
usually sufficient rain for perennial itY• 
grass growth. Annual plants die off 
Table A.6.4a Perennial grass species 
Perennial grasses Rainfall 
Dactylis glomerata - Cocksfoot > 400 min 
Erhata calycina - Perennial veldtgrass > 300 mm 
Festuca sp. - Tall fescue > 600 mm 
Phalaris spp. - Phalaris > 200 mm 
Lolium perenne - Perennial ryegrass > 600 mm 
Puccinellia ciliata - Puccinellia Salt tolerant 
The land capability classification mented with annuals, will out-corn- 
assumes an average level of man- pete capeweed and  significantly 
agement, which in this case would increase pasture production. Peren- 
include using suitable varieties. nial grass establishment and moth- 
Management practices and suitabil- toring trials are underway at the 
ity for animal production are still Esperance Downs Research Station, 
to be fully evaluated. Preliminary and information is being collected 
research would suggest that effec- throughout the Esperance area. 
tive perennial pastures, comple- 
Table A.6.4b Factor rating for perennial grasses 
Land quality 
Classes 
I II III IV V 
Rainfall (1) V H  H NI L 
Waterlogging (I) RD,VVD,MVVD ID 
Moisture availability (m) H,MH M,L 
Nutrient availability (1) H,M11 M,L - 
Rooting conditions (0 VG,G NI P 
Flooding hazard (r) L,ML,M H 
Climatic hazard (c) L,M,MH,H 
Salinity (y) NS - 
Soil workability (k) H,M,ML L 
Potential for mechanization (x) H,MH NI 
Structure decline (u) L,M M R  H 
Water erosion (e) L,ML,M MU 
Wind erosion (w) L,M,MH H VH 
PD 
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13381-8 
Perennial legume pastures compacted lateritic layer, will re- 
s tr ict  d r a i n a g e  a n d  l imi t  root Lucerne (Medicago sativa) is a per- growth. Where the soils are water ennial pasture species which can repellent, water penetration may be provide year-round growth and, 
poor, which can lead to erratic ger- depending on the rainfall, provide mination of the lucerne seed. substantial high quality stock feed 
outside the normal growing season. Tagasas te  (Chamaecytisus Its deep tap root can utilise nutri- proliferus) is a small leguminous tree ents that have leached beyond the which can grow u p  to 5 m high. normal rooting depth  of annual Tagasaste grows well o n  a wide p a s t u r e  species o n  the  deeper range of soils, providing they are sands. Lucerne is able to make more well drained and non-saline. The efficient use of the rainfall patterns tree grows remarkably well on deep of the south coast and has the po- infertile sandy soils which will not tential to contribute to the control support productive pastures (corn- of salinity in  this area. mon  feature of the Esperance area). 
Lucerne  g r o w s  b e s t  i n  we l l  The ideal soil is a deep gravelly 
drained deep sands or sandy gray- loam with no shallow clay layer to 
els a n d  is in to le ran t  t o  impede  roo t  g rowth  a n d  cause 
waterlogging. Rooting depth is an waterlogging. Best yields are ob- 
i m p o r t a n t  f ea tu re  because  t amed  o n  summer  moist  sandy 
sandplain soils, with a dense or barns. 
Table A.6.5 Factor rating for perennial legume pastures 
Land quality I II 
Classes 
Rainfall (j) V H  H 
Waterlogging (i) RD,VVD MVVD 
Moisture availability (m) H,MELM L 
Nutrient availability (1) H,MH,M L 
Rooting conditions (f) VG G 
Flooding hazard (r) L,ML ivi 
Climatic hazard (c) L,M,MH,H 
Salinity (y) NS 
Soil workability (k) H,M,ML L 
Potential for mechanization (x) H,MH M 
Structure decline (u) LM MI-I 
Water erosion (e) L,ML,M MH 
Wind erosion (w) LM,MH H 
ID 
VH 
PD 
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Radiata pines tions, free draining sites and rea- 
sonable nutrient availability. On 
The factor rating Table A.6.7 re- shallow sands over gravel the avail- fers to growing Monterey or radiata able soil volume greatly restricts 
pine (Pinus radiata) for shelter belts root development and growth rate. 
and windbreaks, with some poten- Under windy conditions trees may tial for timber production for local blow over because there is insuffi- 
use. cient anchorage. In general, there 
is a relatively low erosion hazard The whole Esperance area is associated with this land use type. marginal for commercial pine tim- Proper ly  m a n a g e d  windbreaks ber production as, apart from Cape should significantly reduce the Le Grand National Park, there are wind erosion hazard of adjoining 
no areas where mean annual rain- land. The shelter effect of tree lines fall exceeds 700 mm. This is the in reducing wind velocities on the minimum rainfall criterion for vi- leeward side is normally considered able pine plantations in the south- to extend a distance twenty times west of Western Australia. Pinus tree height. Poorly managed tree radiata also requires > 1 m depth of lines may have an  adverse effect on sandy gravel or sand for reasonable adjoining country, either from fun- production. nelling wind through gaps or by 
The Scaddan land system, al- leeward turbulence if the wind- 
though assessed for pines, is not break has inadequate porosity. If 
considered to be suitable for pine timber production for local use is 
plantations because the rainfall is considered, additional management 
insufficient. Apart from rainfall, the inputs will be necessary including 
land capability assessment for pines the regular p run ing  of selected 
assumes very deep rooting condi- trees. 
Table A.6.6 Factor rating for radiata pine 
Land quality 
Classes 
I II III IV V 
Rainfall (j) VH H M L 
Waterlogging (i) RD,WD MWD ID PD 
Moisture availability (m) H,MH,M,L 
Nutrient availability (I) H,MFLM L 
Rooting conditions (f) VG G M P 
Flooding hazard (r) L,ML M H 
Climatic hazard (c) L,M,MH,H 
Salinity (Y) NS S 
Soil workability (k) H,M,ML,L 
Potential for mechanization (x) H,MH,M L 
Structure decline (u) L,M,MH,H 
Water erosion (e) L,ML,M,MH 
Wind erosion (w) L,M,MH,H.VH 
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C o m p r e h e n s i v e  v e g e t a t i o n  list 
A p p e n d i x  7. 
Table A.7.1 Vegetation of the  land  systems 
Land system Soil type or map  unit  Growth form Species Site no. or location 
Tooregullup T2 Tree-shrub Leucopogon parviflorus ELC 227 
Heath Pimelea brevifolia ELC 227 
Heath Scaevola globulifera ELC 227 
Heath Opercularia spermacocea ELC 227 
Tree Templetonia retusa ELC 82 
Tree Spyridium globulosum ELC 82 
Tree Acacia cochlearis ELC 82 
Gore G2a Tree Eucalyptus tetragona ELC 130 
Tree Acacia cyclops ELC 130 
Tree Nuytsia floribunda ELC 130 
Heath Melaleuca spp. ELC 130 
Young Y1 Mallee Eucalyptus incrassata ELC 96 
Shrub-heath Cassia nemophila Dalyup River 
Shrub-heath Hakea erinacea Dalyup River 
Shrub-heath Thryptomene saxicola Dalyup River 
Shrub Allocasuarina huegeliana Dalyup River 
Heath Hakea prostrata Dalyup River 
Esperance E l  Heath shrub Darwinia vestita ELC 179 
Heath shrub Banksia sphaerocarpa ELC 179 
Heath shrub Conothamnus aureus ELC 179 
Heath shrub Oxylobium parMflorum ELC 179 
Heath shrub Petrophile fastigiata ELC 179 
Heath shrub Synaphea polymorpha ELC 179 
Heath shrub Beaufortia aff. micrantha ELC 179 
Heath shrub Stachystemon polyandrus ELC 179 
Heath shrub Calytrix decandra ELC 179 
Mallee Eucalyptus tetragona (d) EDRS reserve 
Mallee Eucalyptus incrassata (a) EDRS reserve 
Heath Dryandra armata (d) EDRS reserve 
Heath Lysinema ciliatum (a) EDRS reserve 
Heath Leucopogon gracillimus EDRS reserve 
Heath Petrophile teretifolia EDRS reserve 
Heath Dryandra quercifolia EDRS reserve 
Heath Beaufortia spp. EDRS reserve 
Heath Hakea corymbosa EDRS reserve 
Heath Chamelaucium ciliatum EDRS reserve 
Heath Melaleuca spp. EDRS reserve 
Heath Beaufortia schaueri EDRS reserve 
Heath Micromyrtus elobata EDRS reserve 
Heath Isopogon buxifolius EDRS reserve 
Tree Lambertia inermis (a) EDRS reserve 
Mallee Eucalyptus tetraptera (a) O n  a hill on Coolinup Rd 
Heath Allocasuarina humilis O n  a hill o n  Coolinup Rd 
Heath Agonis spathulata O n  a hill o n  Coolinup Rd 
Heath Isopogon polycephalus O n  a hill o n  Coolinup Rd 
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Table A.7.1 continued 
Land system Soil type or map unit Growth form Species Site no. or location 
Esperance El a Mallee Eucalyptus aft. redunca (a) 
Heath Melaleuca scabra 
Heath Hakea trifurcata 
Heath Hakea commutata 
Heath Allocasuarina thuyoides 
Heath Hakea cinerea 
Heath Hakea pandanicarpa 
Heath Caustis dioica 
Heath Acacia gonophylla 
Heath Acacia sphacelata 
On a hill on Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Coolinup Rd 
Esperance E lc  Heath Conothamnus aureus Coolinup Rd 
Heath Petrophile fastigiata Coolinup Rd 
Heath Verticordia plumosa Coolinup Rd 
Esperance E2 Tree Lambertia inermis (d) Reserve on Dalyup river 
Tree Nuytsia floribunda (a) Reserve on Dalyup river 
Mallee Eucalyptus tetragona Reserve on Dalyup river 
Heath Adenanthos cuneatus (d) Reserve on Dalyup river 
Heath Petrophile teretifolia Reserve on Dalyup river 
Heath Lysinema ciliatum Reserve o n  Dalyup river 
Heath Agonis spathulata Reserve o n  Dalyup river 
Heath Calytrix decandra Reserve on Dalyup river 
Heath Baeckea spp. Reserve on Dalyup river 
Heath Melaleuca aff. subfalcata Reserve on Dalyup river 
Heath Hibbertia racemosa Reserve on Dalyup river 
Heath Banksia micrantha var 
empetrifolia Reserve o n  Dalyup river 
Heath Caustis dioica Reserve on Dalyup river 
Heath Hibbertia eriervia Reserve on Dalyup river 
Heath Xanthorrhoea spp. Helms forestry 
Heath Dryandra quercifolia Helms forestry 
Heath Hibbertia enervia Helms forestry 
Heath Banksia nutans Helms forestry 
Heath Banksia pulchella Helms forestry 
Heath Beaufortia spp. Helms forestry 
Heath Allocasuarina humilis Helms forestry 
Heath Sonya drummondii Helms forestry 
Heath Beaufortia spp. (d) Coolinup and Fisheries Rd 
Heath Agonis spathulata (d) Coolinup and Fisheries Rd 
Heath Hakea trifurcata Coolinup and Fisheries Rd 
Heath Isopogon polycephalus Coolinup and Fisheries Rd 
Heath Isopogon trilobus Coolinup and Fisheries Rd 
Esperance E3 Tree Banksia speciosa Coolinup and Fisheries Rd 
Esperance E4a Heath Daviesia teretifolia Wordsworth 
Shrub Hakea cinerea Neridup 249 
Heath Melaleuca suberosa Neridup 249 
Mallee Eucalyptus tetragona (a) ELC 397 
Mallee Eucalyptus goniantha (d) ELC 397 
Tree Lambertia inermis (a) ELC 397 
Heath Dryandra armata (a) ELC 397 
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Table A.7.1 continued 
Land system Soil type or m a p  unit Growth form Species Site no. or location 
Esperance Transitional soil type Mallee Eucalyptus incrassata Refer ELC 126 
Scaddan Sta. Mallee Shrub Eucalyptus micranthera Wittenoom Station 
Acacia saligna Site 99 
Heath Melaleuca pulchella Site 99 
Mallee Eucalyptus incrassata Site 99 
Mallee Eucalyptus leptocalyx Site 99 
Mallee Eucalyptus conglobata Wittenoom Station 
Mallee Eucalyptus quadrans 
Brooker sp. Wittenoom Station 
Heath Melaleuca pulchella Site 147 
Heath Astartea ambigua Site 147 
Mallee Eucalyptus forrestiana ELC 217 
Mallee Eucalyptus goniantha ELC 217 
Mallee Eucalyptus redunca ELC 217 
Heath Grevillea pectinata ELC 217 
Heath Beaufortia aff. micrantha ELC 217 
Heath Melaleuca aff. cardiophylla ELC 217 
Heath Astartea ambigua ELC 217 
Heath Melaleuca pentagona ELC 218 
Heath Nematolepis phebalioides ELC 218 
Heath Melaleuca aff. cardiophylla ELC 218 
Heath Acacia glaucoptera ELC 218 
Heath Hakea commutate ELC 218 
Heath Acacia sorophylla ELC 218 
Heath Westringia rigida ELC 218 
Mallee Eucalyptus cylindrocatpa ELC 217 
Mallee Eucalyptus aff. leptocalyx ELC 217 
Tree Eucalyptus flocktouise ELC 217 
Scaddan S2b Mallee Eucalyptus micranthera ELC 147 
Mallee Eucalyptus leptocalyx ELC 147 
Tree Santalum acuminatum ELC 147 
Tree Hakea laurina ELC 147 
Mallee Eucalyptus tetragona ELC 147 
Scaddan S3 Tree Eucalyptus eremophila Scaddan West 115 
Tree Eucalyptus forrestiana Wittenoom Station 
Mallee Eucalyptus goniantha Wittenoom Station 
Tree Eucalyptus 
transcontinentalis ELC 218 
Mallee Eucalyptus dielsii 600 m North of ELC 218 
Scaddan S4 Mallee Eucalyptus diptera 117 (Dowak) 
Mallee Eucalyptus oleosa 117 (Dowak) 
Mallee Eucalyptus calycogona 117 (Dowak) 
Shrub Santalum acuminatum 117 (Dowak) 
Mallee Eucalyptus goniantha ELC 218 
Mallee Eucalyptus conglobata ELC 218 
Tree Hakea laurina ELC 218 
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Table A.7.1 continued 
Land system Soil type or map  unit Growth form Species Site no. or  location 
Scaddan S5 Tree Banksia media 
Banksia pilostylis 
Scaddan S7a Mallee Eucalyptus cylindrocarpa ELC 218 
Mallee Eucalyptus flocktoniae ELC 218 
Mallee Eucalyptus calycogona ELC 218 
Mallee shrub Eucalyptus aff discreta ELC 178 
Heath shrub Verticordia insignis ELC 178 
Heath shrub Banksia nutans ELC 178 
Heath shrub Beaufortia sp. ELC 178 
Heath shrub Chamelaucium axillare ELC 178 
Heath shrub Dryandra quercifolia ELC 178 
Heath shrub Isopogon trilobus ELC 178 
Heath shrub Beaufortia aff. micrantha ELC 178 
Mallee shrub Eucalyptus goniantha ELC 178 
Heath shrub Hakea pandanicarpa ELC 178 
Heath shrub Agonis spathulata ELC 178 
Heath shrub Melaleuca scabra ELC 178 
Heath shrub Conothamnus aureus ELC 178 
Heath shrub Banksia violacea ELC 178 
Heath shrub Calothamnus lateral is ELC 178 
Heath Melaleuca aff. pentagona ELC 160 
Heath Astartea ambigua ELC 160 
Tree Hakea pandanicarpa ELC 160 
Heath shrub Callitris roei ELC 160 
Mallee Eucalyptus gardneri ELC 160 
Tree Eucalyptus flocktoniae ELC 160 
Mallee Eucalyptus foecunda ELC 160 
Heath Oxylobium parviflorum ELC 161 
Heath Melaleuca undulata aff. ELC 161 
Heath Pultenaea reticulata ELC 161 
Tree Leptomeria pauciflora ELC 161 
Mallee Eucalyptus conglobata ELC 161 
Mallee Eucalyptus 
transcontinentalis ELC 161 
Mallee Eucalyptus leptocalyx ELC 161 
(gilgai) Heath Melaleuca spp. (cuticularis 
group) ELC 165 
Tree Eucalyptus occidentalis ELC 165 
Scaddan S8b Tree Eucalyptus 
transcontinentalis Similar to sites 123/124 
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Appendix  8. 
Comparison of  Esperance land resource survey soils 
Table A.8.1 Comparison of Esperance land resource survey soils wi th  those of other surveys" 
Esperance survey map unit EDRS soil survey 
Other soil survey map  units (approximately) 
Salmon Gums soil survey Beaumont soils 
E l a  to f Fleming gravelly sand 2 (Uc3.12) 
Caitup gravelly sand 
E2a to f Fleming sand 2 (Uc3.12) 
Caitup sand 
Gibson sand 
E3a to g + Corinup sand 1 (Uc2.21) 
S1a to d Scaddan sand 6 (Dy4.43) 
Scaddan loamy sand 7 Dy4.23 (6) Dy4.43 + (5) Dy4.13 
S2a to b Circle Valley sand 
S3a to b Beete calcareous sandy loam 3 (Gc1.12) 
S4a to b Kumarl clay loam 
Dowak clay loam 4 (Gn4.52), Ug6 
S5a to c Heart-Echo sand 1 (Uc2.21) 
S6a to b Red Lake sand 
The soils listed below are the only ones that were described in  previous surveys. All other soils are first described in  this survey. 
Local name used bu t  not described in the literature. 
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M a p s  (8) 
A p p e n d i x  9. Maps:  8 x 1:50,000 sheets  corre- 
s p o n d i n g  t o  t h e  fo l lowing  topo- 
g r a p h i c /  cadastral  maps. 
1. 3230 - i (Jenabilup) 
2. 3230 - ii (Esperance) 
3. 3230 - iii (Lake Gore)  and 
p a r t  o f  3130 - ii 
(Moonanup) 
4. 3230 - i v  (Caitup) a n d  part 
of  3130 - i 
(Coomalbidgup) 
5. 3330 - i (Henry) 
6. 3330 - ii (Hawes) 
7. 3330 - iii (Mt  Merivale) 
8. 3330 - i v  (Bandy Creek) 
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13. Map unit S7 has a soil complex comprising an intense 
mixture o f  soil map units Sland S4. 
17. Map unit G4 (Dy4.43) shows a solonetzic, yellow, 
duplex soil. 
16. Map unit E6 (Um5.5 1) shows an alluvial brown 
duplex soil. 
18. Map unit S3 (Gcl.12) has an olive-grey sodic calcareous, 
alkaline gradational soil locally referred to as 'Kopi'. 
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19. Map unit E4 (Dy5.42) pontains solonetzic, yellow, mottled duplex soil. 
20. Map unit S2 (Dy4.83) has a yellow sodic alkaline 
duplex soil locally referred to as Circle Valley Sand. 
21. Map unit G3 (Uc2.21) has deep sand showing a 
bleached A2 horizon overlying a soft yellowish B 
horizon. Locally, this is referred to as a Corinup sand. 
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22. Map unit Y3 (Uc5.11) has alluvial brown sands. 
24. Map unit T1 (Uc1.11) shows calcareous sands which 
occur only on the Tooregullup land system. 
23. Map unit G2 (Dy5.83) shows a yellow, mottled 
duplex soil. 
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25. Map unit E l  (Dy5.82) has a shallow gravelly, yellow 
mottled duplex soil, also known as a Fleming gravelly 
sand. 
27. Map unit S4 (Gcl.22) has red-brown sodic calcare- 
ous soil, locally referred to as Kumari clay loam. 
26. Map unit E2 (Dy5.82) has a gravelly, yellow, mottled duplex 
soil, also locally referred to as a Fleming sand. 
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28. Map unit G5 (Dy4.13) has a saline, duplex soil. 
29. Map unit ES (Dy4.42) has a grey-brown duplex soil 
developed over siltstone. 
30. Map unit 56 (Uc1.22) has siliceous brown uniform sands 
locally referred to as a Red Lake Sand. 
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31. Map unit S1 (Dy4.43) has a solonetzic, yellow, sodic 
alkaline duplex soil locally referred to as a Scaddan sand. 
32. Map unit G6 (Uc2.21) has a moderately deep uniform 
sand with a humic-iorn pan. 
33. Map unit Y1 (Dy4.42) is the dominant soil for the 
association o f  yellow duplex soils. 
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